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Preface 
The Workshop on Energy Demand was held by the International 
Institute for Applied Systems Analysis (IIASA) at Schloss 
Laxenburg, Austria, Flay 22-23, 1975, as part of the Energy 
Systems Project. The Energy Project was started in 1973 under 
the leadership of Professor Wolf ~afele. Professor William D. 
Nordhaus of IIASA and Yale University (USA) was the overall 
chairman of the Workshop. The Yorkshop was devoted to the under- 
standing and modelling of energy demand, both from an engineering 
and from a behavioral point of view. 
Fifty-five people from fifteen countries East and West at- 
tended the Workshop. The participants are directly involved in 
energy demand modelling--in government energy planning offices, 
in research divisions of the energy industry (mostly coal and 
electricity), in university or non-profit research institutes. 
In a number of instances the participants came from all three 
areas of activities within the same country. 
The twenty-nine papers submitted to the Workshop were dis- 
cussed under five headings: I. Flethodology; 11. Individual 
Sectors; 111. Individual Economies: 3.1 Eastern Europe and the 
USSR; 3.2 Western Europe; 3.3 North America and Others; IV. Inter- 
national Studies; and V. Linkages to the Rest of the Economy. 
The Workshop proceedings begin with welcoming addresses by 
Professors Hafele and Nordhaus, and they are followed by the 
papers presented at the Workshop and summaries of the discussions. 
The Workshop concludes with Professor Nordhaus' overview of the 
issues and problems discussed by the Workshop. 
This volume of the proceedings was prepared by Professor 
Nordhaus and Mrs. Claire P. Doblin. 
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Welcoming Address By Professor W. Hafele 
It is a great pleasure for me to welcome you. Some of you 
participated in our Workshop on Energy Resources and the methods 
for allocating these resources, but most of you have come spe- 
cifically for the Workshop on Energy Demand and are at the 
institute for the first time. Therefore, I feel it appropriate 
to say a few words about IIASA to you. 
I am addressing you in my capacity as Deputy Director of 
IIASA and I greet you also in the name of the Institute Director, 
Professor Raiffa. The idea for IIASA was conceived in 1966/1967 
when it became increasingly evident that the imminent problems 
of large scale industrialiiation could be bigger than any prob- 
lems civilization had so far experienced. At that time the 
United States wished to establish wider contacts with the 
Soviet Union, and a proposal was made to create an international 
study center to work on the problems of modern society created 
by the application of science and technology and the growth of 
industry. Afteryearsof negotiations, IIASA was founded at an 
Inaugural Conference held in London under the chairmanship of 
Lord Zuckerman in the fall of 1972.  
The present membership of IIASA is made up of scientific 
National Member Organizations of fourteen counties with the USA 
and the USSR together assuming 55% of the Institute's financial 
reponsibilities. The Institute's membership includes: Bulgaria, 
Canada, Czechoslovakia, France, the FRG, the GDR, Italy, Japan, 
Poland, and the UK, and, two who joined later: Austria and Hungary 
The idea is to gradually increase the Institute's membership 
rather than to form a closed club. 
As to the nature of IIASA research, the scientists are 
essentially concerned with both the substantive physical dimen- 
sions of certain universal problems of civilization and the 
methodology of solving these problems through systems analysis. 
There  are c u r r e n t l y  e l e v e n  p r o j e c t s  b e i n g  p u r s u e d  a t  IIASA, i n -  
c l u d i n g  t h e  Water P r o j e c t ,  t h e  Energy P r o j e c t ,  t h e  Urban P r o j e c t ,  
t h e  Ecology P r o j e c t ,  and t h e  Bio-Medical P r o j e c t ,  t h e  Large  
I n d u s t r i a l  O r g a n i z a t i o n s  P r o j e c t ,  t h e  I n t e g r a t e d  I n d u s t r i a l  
Systems P r o j e c t ,  t h e  S t a t e - o f - t h e - A r t  Survey P r o j e c t ,  t h e  Computer 
S c i e n c e s  P r o j e c t ,  t h e  G e n e r a l  A c t i v i t i e s  P r o j e c t ,  and t h e  Method- 
o l o g y  P r o j e c t .  Because o f  o u r  emphas i s  on methods t h e  Methodology 
P r o j e c t  i s ,  s o  t o  speak ,  o r t h o g o n a l  t o  a l l  t h e  o t h e r  a c t i v i t i e s .  
W i t h i n  t h e  Energy P r o j e c t - - a n d  h e r e  I s p e a k  a s  t h e  Leader  
o f  t h e  Energy Project - -we f i r s t  have  t o  i d e n t i f y  t h e  k i n d  o f  
q u e s t i o n s  i n  t h e  f i e l d  o f  e n e r g y  t h a t  w e  c a n  p u r s u e .  W e  r e a l i z e  
t h a t  t h e r e  a r e  a  g r e a t  number o f  e n e r g y  s t u d i e s  b e i n g  c a r r i e d  
o u t  i n  v a r i o u s  n a t i o n s ,  f o r  example ,  P r o j e c t  Independence i n  
t h e  U n i t e d  S t a t e s ,  and P r o j e c t  S u n s h i n e  i n  J a p a n  t o  name o n l y  
two. I t  i s  n o t  t h e  i n t e n t i o n  e i t h e r  o f  t h e  I n s t i t u t e  o r  o f  
t h e  Energy P r o j e c t  t o  d u p l i c a t e  t h e s e  s t u d i e s ,  and t h e  r e s u l t  
i s  t h a t  we a r e  c o n c e n t r a t i n g  p a r t i c u l a r l y  on medium- and long-  
r a n g e  a s p e c t s  o f  p rob lems  a t t a i n i n g  an i n c r e a s i n g  g l o b a l  impor- 
t a n c e .  From t h i s  we have come t o  r e a l i z e  t h a t  t h e r e  i s  a  c e r t a i n  
e v o l u t i o n  i n  t h e  e n e r g y  problems t o  come. W i t h i n  t h e  n e x t  t e n  
t o  f i f t e e n  y e a r s  t h e r e  d e f i n i t e l y  w i l l  b e  a  s u p p l y  s h o r t a g e  o f  
f o s s i l  f u e l ,  p a r t l y  f o r  p h y s i c a l  r e a s o n s  and p a r t l y  f o r  p o l i t i c a l  
r e a s o n s .  
I n  t h e  v e r y  l o n g  r u n ,  however,  t h e r e  w i l l  be  more t h a n  one  
o p t i o n  f o r  t h e  i n f i n i t e  s u p p l y  o f  p r i m a r y  e n e r g y .  One t h e r e f o r e  
may s a y  t h i s  f u t u r e  s i t u a t i o n  w i l l  b e  e s s e n t i a l l y  t h e  o p p o s i t e  
o f  t h e  p r e s e n t  one. T h i s  b r i n g s  u s ,  t h e n ,  t o  c o n c e n t r a t e  above 
a l l  o n  t h e  t r a n s i t i o n  p e r i o d .  W e  a r e  t r y i n g  t o  u n d e r s t a n d  what 
it means t o  g o  f rom t h e  p r e s e n t  o i l - o r i e n t e d  s i t u a t i o n  t o  a n  
a l l - c o a l  s o c i e t y ,  a n  a l l - s o l a r  s o c i e t y ,  a n  a l l - n u c l e a r  s o c i e t y  
and maybe e v e n  a n  a l l - g e o t h e r m a l  s o c i e t y ,  w i t h  t h e  i n t e n t i o n  o f  
i d e n t i f y i n g  t h e s e  o p t i o n s  s o  t h a t ,  i n  t h e  f i n a l  a n a l y s i s ,  we may 
b e  i n  a  p o s i t i o n  t o  assist  d e c i s i o n  makers  i n  i d e n t i f y i n g  o p t i m a l  
p o l i c y  mixes.  
The d r i v i n g  f o r c e  f o r  a l l  t h e s e  c o n s i d e r a t i o n s  i s ,  of cou r se ,  
a  b e t t e r  unders tanding  of energy demand. I n  t h e  1960 ' s  t r e n d  
e x t r a p o l a t i o n  p r e v a i l e d  and only  r e c e n t l y  have we a t tempted  t o  
unders tand  t h e  i n t e r a c t i o n s  of d e t a i l e d  energy demand, on t h e  
one hand, and economic growth on t h e  o t h e r  hand. Demand f o r e -  
c a s t i n g  can be  done by va r ious  means and approaches:  t h e  econo- 
m e t r i c  approach i s  one,  t h e  eng inee r ing  approach i s  ano the r .  
The q u e s t i o n  of energy demand i s  h i g h l i g h t e d  by t h e  c o n s i d e r a t i o n  
of energy conse rva t ion  which must be  more o r  l e s s  f u l l y  under- 
s t o o d ,  p a r t i c u l a r l y  f o r  t h e  near - te rm phase.  We expec t  t h a t  
t h i s  Workshop w i l l  l e a d  t o  a  g r e a t e r  c l a r i f i c a t i o n  of t h e s e  
i s s u e s .  
P l e a s e  keep i n  mind t h a t  energy demand does  n o t  embrace 
t h e  whole range of t h e  energy problem, and t h a t  energy c o n s t i -  
t u t e s  only one a s p e c t  of  t h e  I n s t i t u t e ' s  a c t i v i t i e s .  We a r e  
o r i e n t e d  toward methods and d e c i s i o n s ,  and we endeavor t o  i d e n t i f y  
t h e  p o l i c y  i s s u e s  accord ing  t o  t h e i r  p r i o r i t y .  
Th i s  i s  P r o f e s s o r  Nordhaus' Workshop. P ro fe s so r  Nordhaus 
i s  a w e l l  known economist from Yale Un ive r s i t y  who i s  wi th  u s  
f o r  a  yea r .  He and a few o t h e r s  i n  t h e  Energy group have made 
it p o s s i b l e  t o  ho ld  t h i s  Workshop on Energy Demand. 

Welcoming Address By P ro fe s so r  W.D. Nordhaus 
I t  i s  a g r e a t  p l ea su re  t o  welcome you t o  IIASA f o r  what i s  
our  second Workshop on Energy Systems, t h i s  one being on 
Energy Demand. We a r e  d e l i g h t e d  t o  have a v a i l a b l e  l e a d i n g  
e x p e r t s  from many c o u n t r i e s ,  and we a r e  e s p e c i a l l y  d e l i g h t e d  
t o  have t h e  chance t o  b r i n g  t o g e t h e r  t h e  Eas t  and t h e  West. 
There a r e  many conceptua l  problems I hope we can add res s  
i n  t h e  nex t  two days,  and t h e  s t u d i e s  prepared  f o r  t h e  Workshop 
r e l a t e  t o  most of t h e  impor tan t  q u e s t i o n s .  But I would remind 
ou r  v i s i t o r s ,  e s p e c i a l l y  t h e  holdovers  from t h e  Workshop on Energy 
Resources,  t h a t  energy demand modell ing i s  n o t  based on rock- 
l i k e  founda t ions  l i k e  energy supply and energy technology;  r a t h e r  
energy demand is  based on p re fe rences  and t h e s e  have a k ind  of 
evanescent  q u a l i t y  about  them. I am convinced t h a t  energy 
demand work i s  r e a l l y  more an a r t  t han  a s c i e n c e  today. 

I. METHODOLOGY 

An Econometric Approach to Forecasting the 
Market Potential of Electric Automobiles 
Robert Thomas Crow and Brian Ratchford 
I. Introduction 
Among the effects of the rapid increase in petroleum 
prices and the Arab oil embargo of 1973-1974 has been a rash 
of recommendations on energy conservation and substitution 
of relatively abundant forms of energy for petroleum and 
natural gas. Many of these recommendations have come on 
the supply side--the development of solar energy, wind 
energy, oil shale, etc. However, it is suggestions on the 
demand side that will be our concern here. 
Without question, many of the recommended innovations 
on the utilization of energy will prove to be ill conceived 
from the point of view of either technological feasibility 
or market acceptance. Unfortunately, virtually all of the 
discussion on innovations in utilizing energy has concentrated 
on feasibility and has ignored acceptability. This includes 
not only questions of price, but also questions concerning 
the quality of the product, its ease of use, etc. It is 
clear that in some instances the prices of innovations will 
prove to be economically unwarranted. That is, it will be 
deemed by users to be rational to pay a higher cost to use 
a product which--compared to a more energy-efficient alternative- 
is either less expensive in its initial purchase price, more 
reliable, or which delivers a stream of services of higher 
quality. 
It must be recognized, however, that while it is relatively 
easy for skeptics to assert that the advocates of far-reaching 
and radical, new technologies have lost contact with reality, 
it is equally easy to point to historic instances in which 
technology has outstripped the visions of all conventionally 
sane people. The fact that there is now a great inducement 
to technological change in energy-efficient usage technologies 
implies that those engaged in forecasting and planning in 
energy must attempt to take a close, systematic look at the 
implications of possible technological innovations. 
We may regard new innovations as being of two types: 
1) increased efficiency of existing technology, such as in- 
creased gas mileage in conventionally-powered automobiles; 
2) significantly different technical principles, such as the 
electric automobile as a substitute for internal combustion 
automobiles. The implication here, of course, is that 
different technical principles may imply switching among 
sources of energy, which will in turn have serious implications 
for the size and composition of various segments of the energy 
industry. Our concern in this paper is with an innovation of 
the latter type--electric passenger automobiles. 
In the case of the electric automobile, the switch away 
from gasoline is obvious. The implications for the electric 
utility industry are twofold: 1) implications concerning 
the total number of kilowatt hours sold, and 2) the shape of 
the load curve--that is, the periodicity of demand and the 
capacity utilization that it implies. Both the demand for 
kilowatt hours and the shape of the load curve have important 
implications for investment and research and development 
planning in the utility industry. For example, research and 
investment in base-load versus peak-load technologies are 
affected. This involves choices between base load systems, 
such as steam plants driven by fossil, nuclear or solar 
energy, and systems whose relative advantages are in meeting 
peak loads, such as gas turbines, pump storage, batteries or 
flywheels. 
Thus, the objective of the present study is to forecast 
the market potential for electrical automobiles. In parti- 
cular, we concentrate in this paper on forecasting shares of 
the total automobile market. It is clear that this is only 
a first step in assessing the impact of electrical automobiles 
on electric utility research and development priorities and 
investment planning. An equally important step would be to 
assess the likelihood that producers would meet the forecasted 
market potential--that is, the mysterious process of induced 
technical innovation, its timing, its success, and so on. In 
other words, in this study we only deal with the demand side 
of the market for electrical vehicles. The supply side, how- 
ever, also promises to be extremely complex and uncertain. 
In addition, once the number and type of vehicles that would 
be on the market are determined, it is necessary to translate 
that information, via additional information on their usage, 
into kilowatt hour and load curve demands for the utilities. 
Thus, we have begun only one step of several in assessing 
the impact of electric automobiles on the utility industry 
itself. 
The electric automobile problem that we deal with in 
this paper is a specific example of a general problem of fore- 
casting the demand for a new technology in the household 
sector. Although our emphasis in this paper is couched in 
terms of the theory of household demand, we believe that 
similar analyses may also be appropriate for the demand for 
factors of production, but we have not yet investigated this 
area. 
In dealing with the general problem of forecasting the 
demand for new goods, several problems arise which have re- 
ceived little attention in economic thinking. One is the very 
problem of describing a good itself. Of course, in many appli- 
cations such a description is not of operational relevance. 
However, when the problem concerns technological innovation, 
it is likely to become critical. Dennis Ironmonger [14] and 
Kelvin Lancaster [I61 address this problem by specifying what 
has since become known as the "consumption technology" of 
a product. This notion was also implicit in the work of 
Quandt and Baumol [18] and Baumol [2] when they specifically 
address the problem of forecasting the demand for new modes 
of intercity transportation and the impact of new modes of 
travel on the existing modes. In other words, Quandt and 
Baumol specified a demand system. We will take the same 
approach here. 
A second problem is that, assuming one has devleoped 
a realistic consumption technology, it is then necessary to 
construct a demand model that not only adheres to that 
description, but which also follows sound analytical principles, 
among them being a test of reasonableness conditions on the 
forecasting characteristics of the model under conditions in 
which a new good is introduced. Also, it is desirable that 
such a model be consistent with optimizing behavior as speci- 
fied by microeconomic principles. 
Economists have, in general, ignored the problem of new 
goods except as a problem in the construction of price indices. 
Thus, there is little in the way of available literature 
upon which we can draw. However, as mentioned above, Quandt 
and Baumol--and others working with them--have addressed the 
problem of the introduction of a new good in an investigation 
of the demand for new modes of transportation in the Northeast 
 h he simplest hypothesis for specifying a consumption 
technology is a linear hypothesis. This was the working 
assumption of both Lancaster and Ironmonger. However, it is 
not at all clear that consumption technologies, in fact, 
are linear. 
Corridor region of the United states.* This has been the 
principle fountainhead of our own work and, in particular, 
the model that we use will be seen td be virtually identical 
to the specification used by Monsod. It should be pointed 
out, however, that until fairly recently the properties 
of these models were not well understood. Of them, only the 
Monsod model appears to have little or no trouble in meeting 
reasonableness conditions (see Crow, Young and Cooley [9]). 
The work of Lancaster and Ironmonger cited above is 
of importance as a basic theoretical framework in which 
the demands for characteristics are the focus of attention 
and, thus, provides a starting place for a theoretical rather 
than ad hoc treatment for the demand for new goods. Also, 
in this connection, mention should be made of the work of 
Cowling and Rayner [6], Cowling and Cubbin 171 who have 
attempted to construct models of the demand for farm tractors 
and automobiles, but who have used a very different metho- 
dological approach, in that they used quality-adjusted price 
indices as arguments in their demand functions, rather than 
the characteristics of the technologies themselves. In other 
respects, as well, our specifications are quite different. 
In the remainder of the paper, we will first present 
our demand model and its parentage. We then turn to a dis- 
cussion of data and estimated results. Following this, we 
turn to simulations on the market potential of electric cars 
and their impacts on the market shares of other cars. Finally, 
we point out areas that we have identified as important for 
further research on assessing market potentials. 
'see Crow, Young and Cooley [ 9 ]  for a presentation 
of several of these approaches. 
11. The Model 
Our working assumption is that consumers react to 
goods as bundles of characteristics rather than to goods in 
their own right, i.e., there is an objective "consumption 
technology." There is, however, little reason to believe 
that the consumption technology must be linear, as speci- 
fied by Lancaster and Ironmonger. In a recent paper, Crow 
(1975) suggested that Xij, a quantity of differentiated 
good i (say electric autos) in good group (say autos in 
general) could be defined as a number of repetitions (nij) 
of a particular bundle of characteristics, i.e., of the con- 
sumption technology of a unit of the good Q. Further, the 
consumption technology can be generally described as Z . fiJ 
1 
(Z il,...,Zir ) ,  where Z. is a "primary, immanent and unique" 
i -1 
characteristic (PIUC) that defines whether or not a good iJ 
is in fact a member of a good-group i (say, "owner-operated 
Passenger transportation services") and Zil...Zir are the r 
i 
secondary characteristics that vary amoung members of the 
good group (say, maximum rate of acceleration, head-room, 
etc. )'. Thus, 
Assuming that the utility function is strongly separable in 
good groups, 
where 
i 
where is  t h e  u t i l i t y  of  good-group i, which c o n t a i n s  
s d i f f e r e n t i a t e d  goods. 3  
- 
The consumer op t imiza t ion  problem i s  s t r a i g h t f o r w a r d .  
Le t ,  
op t imiz ing  over goods, f o r  any given d i f f e r e n t i a t e d  good i 
and 
Assuming t h a t  expendi ture  f o r  t h e  good-group is given  
(which fo l lows from s t r o n g  s e p a r a b i l i t y ) ,  a  complete system 
o f  demand equa t ions  f o r  d i f f e r e n t i a t e d  goods w i t h i n  t h e  
good-group may be def ined .  I n  t h i s  paper ,  we use t h e  " r e l a t i v e  
sha res"  demand system of Monsod (1967) . 
This  system can be shown t o  be c o n s i s t e n t  wi th  Houthakker 's  
[13] " d i r e c t  addi log"  u t i l i t y  func t ion .  For n o t a t i o n a l  con- 
venience,  we drop  Z i  = 1  and a l l  s u b s c r i p t s  ( s i n c e  we a r e  
d e a l i n g  wi th  only  a  s i n g l e  good-group) and assume t h e  con- 
3 ~ h e  assumption implied he re  is  t h a t  consumers engage i n  
mul t i - s t age  op t imiza t ion .  One s t a g e  might be  a  good-group, 
"passenger t r a n s p o r t a t i o n  s e r v i c e s . "  A second might be a  sub- 
group, "owner-operated passenger t r a n s p o r t a t i o n  se rv i cesw- -  
d i s t i n g u i s h e d  from o t h e r  t r a n s p o r t a t i o n  sub-groups by owner- 
opera tedness .  A t h i r d  s t a g e  might t hen  be types  of  a u t o s ,  e t c .  
sumption technology to be of form, 
Weighting the characteristics by the satisfaction they confer, 
The direct addilog utility function may thus be written, 
Following Houthakker [ 1 3 ] ,  we take the first order conditions 
for repetitions (quantity) of any i, k pair of characteristics 
bundles and solve to yield a demand function of form: 
If it is assumed that all information differentiating 
one member of the good-group from another is captured in the 
consumption technology, the utility weights (a's and B's) should 
be the same, i.e., representative of the good-group as a whole. 
Thus, the assumptions a = ak,Bj = Bk and y = ykr simplify j j r 
empirical application. Equation ( 8 )  may be rearranged and 
transformed as, 
1 109 nj - log nk = -(log pj - log pk) 
This leads to Monsod's model, 
log n - log nk = a. + A0 (log p - log pk) j I j 
+ 6 (log Z - log Zkl) + 62(10g Z 1 j 1 j 2 
- log Zk2) + - - '  + 6r(10g Zjr - log Zkr) , (10) 
where the intercept, a., if statistically significant, is 
-1 
interpreted as a dummy variable representing the systematic 
influence of excluded variables differentiating i from k. 
It should be pointed out that Monsod did not derive her 
"relative shares" model from these principles. Rather, her 
specification was based on the hypothesis that relative market 
shares depend on relative prices and relative values of 
characteristics, or 
If n./Cn and n./Cn are interpreted as probabilities of purchases 
I 
of n and n then the structure of (10) is also similar to i 
Thiel's [ I 9 1  multinomial extension of the linear logit model. 
Furthermore, Thiel shows that the choice of indices i and k, 
etc. are arbitrary if "circularity" relations exist such that 
the 6's are independent of i and k subscripts. Since this 
is the case with the Monsod model, we are warranted in expressing 
all i k ratios in terms of a given, arbitrary differentiated 
good b, called the "base" good. 
Obviously, we have totally ignored problems of aggregation, 
thus relegating theory to the role of a paradigm suggesting 
reasonable restrictions on aggregate demand specifications. 
The importance of theory, however, should not be underesti- 
rated--particularly for problems concerning the introduction 
of new goods. Crow, Young and Cooley [9] found that plausi- 
bility conditions for the impact of the introduction of new 
goods on the demand for individual pre-existing differentiated 
goods, and on the demand for the entire good-group held only 
under particular parameter restrictions for some models (such 
as Monsod's) and not at all for others developed on apparently 
reasonable ad hoc grounds. 
One other problem connected with aggregation should be 
mentioned--namely, that the utility function as specified is 
continuously differentiable, whereas households purchase auto- 
mobiles as discrete bundles. What we have specified here is 
behavior as though auto decisions took place in a rental market 
which reflected day-to-day variations in travel purposes. For 
example, a male family head may rent a compact for work trips, 
a station-wagon for a family vacation, a luxury car for an 
evening on the town with his wife, and a sports car for a day 
at the beach with his mistress. Thus, we have represented a 
demand for services that is assumed to approximate the distri- 
butions of weights of the utility function with respect to 
characteristics as they vary day-by-day over the life of the 
automobile. In other words, while individuals actually engage 
in putty-clay decision making in purchasing an asset that pro- 
4 ~ t  should be mentioned that most of the restrictions to 
be satisfied are related to the demand for the good-group rather 
than the relative demands for differentiated groups. One exception 
is that market shares must always add to unity, which can be 
shown to hold for all relative demand specifications. 
vides a stream of services, the demand function is more 
representative of the stream of services itself. We take 
this as a reasonable approximation to the demand for various 
differentiated autos. 
111. Model Estimates and Data 
In the first part of this section, we outline our approach 
to estimating functional relationships between the demand for 
automobile models and their characteristics. We then present 
alternative estimates of these relationships. To permit an 
evaluation of the practicality of our approach, we point out 
problems as well as suggest future refinements. 
At least implicit in our analysis is an underlying model 
of consumer decision making which postulates that consumers 
go through a sequential decision process, the first stage 
of which is the decision to buy a new car. Given this 
decision, consumers are viewed as basing the choice between 
alternative cars on the relative attractiveness of the cars' 
attributes, according to the model outlined in the preceding 
section. In estimating the demand function, the objective 
characteristics used as independent variables should, to the 
extent possible, be directly related to consumer satisfaction, 
For example, weight is inappropriate because it is neither 
a desirable nor undesirable automobile characteristic in it- 
self; however, leg room, ride, handling and acceleration are 
because they are directly related to consumer satisfaction. 5 
An additional consideration in estimating a function to 
be applied in forecasting the demand for electric autos is 
 or evidence that including weight as a variable renders 
hedonic price index calculations for automobiles suspect see 
Triplett ( 1  969) . 
that characteristics must apply to electric as well as 
current gasoline cars. This leads to some difficulties 
which cannot be completely overcome in this analysis. An 
example is that the ready availability of gasoline stations 
makes the range of current gasoline cars practically infinite, 
while lack of a quick and convenient method of recharging 
or exchanging batteries may severely limit the range of 
electric cars. Furthermore, it is unlikely that electric 
autos will be able to go much farther than 100 miles on a 
battery charge, while internal combustion autos typically 
travel well over 200 miles on a tank of gasoline. 
In addition, while all current gasoline cars have the 
ability to cruise at highway speeds (fifty-five mph), this may 
not be the case for all electric cars. In both cases, since 
we have no way of directly estimating the effect of limited 
range or cruising speed on demand, our solutions for the 
potential market will assume that electric car technology 
improves to the point where electric cars are at least as 
good as the worst of the sample gasoline autos with respect 
to cruising speed and do not suffer from difficulties of 
charging or exchanging batteries or limitations on range 
between recharging or exchanging. 
In defining the characteristics demand function, the 
quantity of any car j relative to that of any car b arbi- 
trarily chosen as a base is assumed to depend on two types 
of characteristics: 1 ) physical attributes (including 
price) which vary across models; 21 characteristics which 
are specific to the manufacturer of model j, i-e., they are 
%or a full discussion of the use of base modes in ab- 
stract mode models in transportation, see Crow, Young and 
Cooley [9  I . 
more or less the same for each of the manufacturer's models, 
but vary across manufacturers. Examples of these latter 
characteristics are quality of dealer service, attractive- 
ness of styling, reputation, etc. The demand function for 
car j relative to car b at time t might therefore be written, 
similar to (10) as: 
log (n. /n ) = a + d log(P. /Pbt) + dllog Jt bt 0 lt 
(Z jitIZbit ) + + d log r ( 1 2 )  
where 
n and n are the quantities sold of automobiles j j t bt 
and b in year t; P and Pbt are prices in t, of j and j t 
b respectively; Zjrt,...,Zbrt are quantities of attri- 
butes 1, ..., r in t for models j and b respectively; 
M1,...,Mj,...,~ are dummy variables representing manu- 
facturers 1, ..., k. 7 
The intercept has a rather special interpretation: it esti- 
mates the magnitude of preferences for all manufacturers k 
(k f b) relative to preferences for the base automobile; 
the base is therefore treated somewhat unsymmetrically in 
the model as, in effect, a separate manufacturer or as a 
model with a distinct identification within the manufacturer's 
offerings. 
7 ~ f  the "base" model is the only one produced by a 
given manufacturer, as is the case of Volkswagen in one of 
our samples, there will be k - 1 dummy variables. 
Data to estimate the parameters of (12) were obtained 
for a total of 420 observations, 352 domestic and sixty-eight 
foreign, over the period 1960-73, with approximately thirty 
models in any given year. These 420 observations accounted 
for over 90% of domestic registrations during the period. 
Virtually the only models omitted (due to lack of data on 
characteristics) were the luxury Cadillac and Continental 
as well as certain specialty and imported autos whose sales 
were typically small. 
For each car in the sample, the dependent variable was 
defined as domestic registrations for the corresponding 
calendar year as obtained from Automotive News Almanac. 
Aside from the manufacturer dummies, the following objective 
characteristics were employed as independent variables: 
1) list price of middle-of-the-line four door sedan 
version of each model obtained from Automotive News 
Almanac ; 
2) front leg room, a proxy for front seat comfort, ob- 
tained from manufacturer's specifications published 
in Consumer Reports; 
3) rear leg room, a proxy for rear seat comfort, ob- 
tained from Consumer Reports; 
4) acceleration, number of seconds to go from zero to 
sixty mph, obtained from test results published in 
Consumer Reports; 
5) passing speed, number of seconds to go from forty-five 
to sixty-five mph, an alternative measure of performance, 
obtained from test results in Consumer Reports; 
6) average fuel consumption, in miles per gallon, for 
normal driving obtained from the Consumer Reports. 
This would be translated to "energy costs" in so- 
lutions to permit a direct comparison with electric 
automobiles; 
7 )  an automatic transmission d k y  variable, equalling 
1 if automatic transmission is standard equipment, 
0 otherwise. 
Aside from price, the above attributes represent our 
attempt to obtain data on objective dimensions of comfort, 
performance and fuel economy. Other dimensions of comfort, 
performance and economy simply cannot be captured from existing 
data, but might be quite important to the choice of an auto- 
mobile. Three of these dimensions are ride, handling and 
maintenance economy. As a somewhat crude attempt to quanti- 
fy these dimensions, the Consumer Reports ratings of the 
following variables were quantified on a five point scale 
(assumed to have internal scale properties): 8 
8) ride, scaled excellent = 5, very good = 4, good = 3, 
fair = 2, poor = 1, fair-poor = 1.5 etc.; 
9) handling, scaled as above ; 
10) frequency of repair, scaled much better than average 
= 5, better than average = 4, average = 3, worse 
than average = 2, much worse than average = 1. 
The above represent the major automobile characteristics 
which we were able to quantify, a task which is fraught with 
many difficulties. For example, we could not come up with 
good quantitative estimates of braking performance for years 
prior to 1966 from Consumer Reports. In general, we observe 
8~ancaster [17 ] , Ch. 10, is a precedent for treating 
Consumer Reports ratings of individual attributes as objective 
data, although Lancaster inputes only ordinal scale properties 
to the ratings. In this study of automobile depreciation, 
Griliches and Ohta [I21 also employ Consumer Reports ratings 
as internal scale data, though their scales differ slightly 
from ours. 
that the Consumer Reports testing procedures and presen- 
tations of results seem much more thorough for recent years. 
Attempts to collect other test data from sources such as 
Car and Driver, Motor Trend, Popular Mechanics were abandoned 
when it became apparent that these tests were somewhat less 
exacting than Consumer Reports. There are, however, two 
variables which might be good proxies for luxury or comfort-- 
length and width--for which we did not collect data, despite 
ready availability. This deficiency will be remedied in 
the near future. These data were not collected originally 
because it was thought that our attempt to collect data 
on characteristics more directly related to satisfaction 
would be sufficient. However, we eventually discovered that 
we could not get full sets of data on shoulder room and trunk 
capacity, two variables directly related to comfort and luxury 
Another difficulty is that our measure of price is not com- 
pletely satisfactory either conceptually or empirically. On 
empirical grounds we have the problem, shared in attempts 
to construct hedonic price indexes for automobiles (e.g., 
Griliches [ I  1 ]  ; Dhrymes [ I  01 ) that transaction and list prices 
might differ radically. Because we are trying to study choice 
behavior for new cars, the device of using prices of one-year- 
old mod2ls (Chow 13 I )  is not a satisfactory alternative, al- 
though -hese prices might more closely reflect transaction 
prices after one year. To the extent that discounts off 
list price are greater on models that sell more, e.g., 
Chevrojet versus Buick, our price elasticity estimates will 
be biased toward zero. 9 
A second, more conceptual, difficulty is that the rele- 
vant price is not the purchase price of a new car, but the price 
'~riliches and Ohta [ 121 present some indirect evidence 
that this might be the case (pp. 49-50). 
of a flow of services from the car over a particular time 
period. But there will be a one-to-one relation between 
purchase price and price of service flow per unit time 
across all models only if depreciation rates are equal. 
To the extent that Volkswagen or Chevrolet models, for 
example, depreciate more slowly than other models, use of 
the purchase price overstates the actual price of using 
these cars relative to the price of using other models. 10 
Thus, purchase price is really a rough proxy for the rele- 
vant price of the service flow obtained from a given model. 
Estimated Results 
A priori, we hypothesize that front and rear leg room, 
ride, handling and repair frequency ratios, automatic trans- 
mission standard and gas mileage will be positively related 
to relative quantity, and that price, and the axeleration 
and passing speed variables will be negatively elated (i.e., 
the longer it takes to accelerate to sixty mph nd the longer 
it takes to reach passing speed, the more undes rable the 
car, all things being equal). Using all of the 2 variables, 
plus manufacturer dummy variables, representing iach manu- 
facturer except Chevrolet, Equation (12) was e? nated for 
the combined 1960-1973 time-series and cross-se Lon which 
was comprised of 406 models--fourteen observati being 
eliminated by the "base" model. The "base" mo #as full- 
size Chevrolet; choosing this model as base in effect is 
equivalent to adding a separate dummy variable for this model 
in addition to the dummy for other Chevrolets. Since this 
model has far outsold other Chevrolet models over the 1960- 
I0~riliches and Ohta [12] present some evidence that 
Chevrolet models depreciate at a somewhat slower rate, but 
there does not appear to be a marked difference between manu- 
facturers. 
1973 period, and indeed has far outsold all models, this 
asymmetric treatment appears justified on empirical grounds; 
our results suggest that the full-size Chevrolet does have 
some special "drawing power. " 
Results for ordinary least squares regressions on the 
entire sample, both with and without manufacturer dummies, 
are presented in Table 1. Regressions 1 and 3 include all 
performance attributes, while Regressions 2 and 4 are our 
best results after non-significant variables and variables 
having a wrong sign a priori have been eliminated. 
The first thing suggested by the results in Table 1 is 
that autonomous preferences for manufacturers explain con- 
siderably more of the variation in relative shares than 
performance attributes (at least those included in this study). 
Apparently manufacturer specific .attributes such as quality 
of service, reputation, styling, advertising, image, etc., are 
important to car buyers. Even including the manufacturer 
dummies, however, we are able to capture only 50% of the 
variation in the relative shares. Possibly this is owing to: 
1) The fact that the manufacturer dummies are unable to capture 
the full amount of loyalty to various models rather than nanu- 
facturers; 2) the possibility that the relevant functions are 
unstable either through time or over various car size classes. 
The first problem might be remedied by including lagged model 
shares in independent variables, with the lag possibly carrying 
over for several time periods to reflect the time between trade- 
ins. Some tests will be undertaken in the future to investigate 
the second problem. 
The intercept in Regressions 1 and 2 indicates the relative 
preference for full-sized Chevrolets over other Chevrolets, 
holding performance attributes constant; e.g., holding attri- 
butes constant, log n for the full size Chevrolets less log n 
for other Chevrolets = .71232, which is quite substantial. The 
T a b l e  1 .  R e g r e s s i o n s  o h  log ( n .  / n  ) *  o n  a t t r i b u t e s  a n d  m a n u f a c t u r e r  J t  b t  
dummies ,  e n t i r e  s a m p l e  ( T - r a t i o s  i n  p a r e n t h e s e s ) .  
VARIABLE 1  2  3  4  
Log  ( P r i c e .  / -1 .59135  - 1 . 4 8 2 5 5  - 1 . 9 3 5 7 5  -1 .09113  
I t  
P r i c e  b t  ( - 5 . 5 7 1 5 3 )  ( - 6 . 3 7 4 2 9 )  ( - 5 . 4 6 0 9 9 )  ( - 3 . 5 7 3 6 7 )  
Log ( F t  l e g  rm. / 1 . 4 4 1 6 8  .99371  1 . 8 8 1 1 8  1 .01984  
I t  
F t  l e g  rrnht) ( 2 . 0 1 2 5 0 )  ( 1 . 4 7 6 7 2 )  ( 2 . 0 1 2 6 8 )  ( 1 . 1 1 6 9 3 )  
Log ( R e a r  l e g  r m .  / . 93867  . 9 1 3 6 9  . 3 8 3 9 5  1 . 0 8 4 5 2  
I t  
R e a r  l e g  rm, , )  ( 2 . 3 4 1 6 1 )  ( 2 . 3 4 5 7 2 )  ( . 7 6 3 4 4 )  ( 2 . 2 1 1 4 0 )  
Log  ( A c c e l .  / . I 2 2 4 6  
I t  
Accel , , )  ( . 3 7 0 8 6 )  
Log  ( P a s s , + /  - . 2 9 9 9 3  - . 2 7 4 7 5  - . I 6 9 9 8  - . I 2 4 6 6  
J - 
P a s s b t )  1-1.22521) ( - 2 . 0 7 6 8 8 )  ( - . 5 4 2 5 2 )  ( - .74457)  
Log ( R i d e .  / - . l o 4 8 5  - . 0 5 1 1 1  
I t  
R i d e b t )  ( -1 .39175)  ( - . 5 3 4 9 3 )  
Log ( H a n d .  / 
I t  
. 29709  . 3 2 6 0 8  .18941  .26207  
Hand,_)  ( 2 . 5 8 6 4 3 )  ( 2 . 8 9 1 2 3 )  ( 1 . 3 3 3 7 4 )  ( 1 . 7 8 5 7 4 )  
Log ( R e p r  F r e q .  / 
I t  
- .04341  
R e p r  Freq,,) ( - . 5 8 6 6 6 )  
Log  ( G a s  M i .  / 
I t  
- .34507  
G a s  Mi,,) ( - 1 . 1 6 6 5 9 )  
A u t o  T r a n s  . l o 3 1 3  . I 0 1 1 5  .08826  . a 6 2 2 5  
S t d  = 1  ( 1 . 8 6 7 8 8 )  ( 1 . 8 5 0 0 3 )  ( 1 . 2 1 9 5 7 )  ( . 8 3 6 7 3 )  
F o r d  = 1' . I 6 9 9 7  . I 6 2 0 5  ( 2 . 8 4 4 1 4 )  ( 2 . 7 5 5 9 9 )  
C h r y s l e r  = 1  - .26431  - .28608  ( - 4 . 7 5 0 1 3 )  ( - 5 . 2 5 7 8 6 )  
AMC = 1  - . 5 6 1 0 8  - .56471 ( - 8 . 9 8 3 9 6 )  (-9.1 3 9 7 3 )  
O t h e r  
F o r d  = 1' - .35009  - .35979  ( - 5 . 4 1 9 1 6 )  ( -5 .60989)  
O t h e r  
GM = 1' - . I 2 6 6 1  -. 13359  ( -2 .25297)  ( - 2 . 4 0 0 1 2 )  
V o l k s w a g e n  = 1  . I 7 2 6 1  . I 4 0 1 2  ( 1 . 7 1 6 8 1 )  ( 1 . 5 0 3 7 3 )  
O t h e r  - .59149  -.I34364 
I m p o r t  = 1  ( -7 .77848)  ( -10 .46807)  
I n t e r c e p t  - .71232  - .70962  - .88856  
N 406  406 406 406 
R2 . 5 0 3  .497  . I 2 3 2  . 0 4 4 9  
S t d .  E r r o r  . 2 6 5 6 5  .26584  . 3 4 9 5 5  . 3 6 2 9 9  
 h he t e r m  ni+/nh,  r e p r e s e n t s  number  o f  u n i t s  o f  m o d e l  j r e g i s t e r e d  
,- -- 
i n  y e a r  t r e l a t i v e  t o  number  o f  u n i t s  o f  m o d e l  b  r e g i s t e r e d  i n  t .  I n  
t h i s  a n a l y s i s ,  t h e  " b a s e "  m o d e l  was  t h e  f u l l - s i z e d  C h e v r o l e t .  Common 
l o g a r i t h m s  a r e  u s e d  t h r o u g h o u t .  
+ R e f e r s  t o  c a r s  c a r r y i n g  t h e  " F o r d "  b r a n d .  
' R e f e r s  t o  L i n c o l n  a n d  M e r c u r y  
' R e f e r s  t o  GM b r a n d s  o t h e r  t h a n  C h e v r o l e t ;  m o d e l s  o f  C h e v r o l e t  
o t h e r  t h a n  t h e  f u l l - s i z e  m o d e l  a r e  i n c l u d e d  i n  t h e  i n t e r c e p t .  
full-size Chevrolet, Ford, and Volkswagen exceed other 
Chevrolets in "brand preference" [the coefficients of these 
Ford and VW dummies are .I6997 and .I7261 in Regression 1; 
.16025, and -14012 in Regression 2). Regressions 1 and 2 
also indicate a strong aversion to Chrysler, AMC and "other" 
imports. The obvious implication is that an electric [or 
any other car) would have a much greater chance of succeeding 
on the market if it were made by Ford, Chevrolet, or Volks- 
wagen than if it were made by Chrysler, AMC, some non-VW 
importer, or some relatively unknown manufacturer. Especially 
since many of the firms presently working on development of 
electric cars are not currently auto manufacturers, this is 
an important finding. 
In Regression 1, the coefficients of acceleration, ride 
repair frequency and gas mileage all have the wrong sign. 
The statistical insignificance and negative sign on gas mile- 
age were particularly noteworthy because fuel costs consti- 
tute a major part of the cost of operating an automobile, 
and it seems unrealistic to suppose that, all things equal, 
better gas mileage would not be a desirable attribute. 1 1  
Unfortunately, the negative sign on this variable persisted 
throughout the statistical tests with virtually every possible 
combination of independent variables. Our tentative explanation 
is that this variable is probably correlated negatively with 
variables representing luxury performance which are left out 
of our analysis. Thus, in Regression 1 ,  low gas mileage may 
l l ~ h e  negative sign on repair frequency is not quite so 
distressing because this variable is, at best, a crude measure 
of maintenance costs and because maintenance costs appear to 
be a relatively small part of the cost of spending on an auto- 
mobile. See, for example, US, Department of Transport. = 
of Operating an Automobile 120 ] . 
be acting as a proxy variable for luxury. Possibly adding 
attributes such as length and width to the analysis would 
yield results which would be acceptable a priori and yield 
some level of statistical significance. 
Regression 2, which was obtained after repeated ex- 
periments with different variables, represents our most 
plausible equation to be used in forecasting. All attribute 
coefficients have the expected sign, and all t ratios exceed 
one. The implied elasticity of relative quantity with respect 
to relative price is, as in Regression 1, around 1.5, and is 
highly significant. The equation also suggests that other 
attributes which affect the choice of automobile models are 
front and rear leg room (proxies for comfortable accommo- 
dations), passing speed (which was highly correlated with 
the omitted acceleration variable), handling, and whether 
and automatic transmission is standard equipment. The co- 
efficients of all these change very little from Regression 1, 
and the value of R~ is only slightly lower. 
Regressions 3 and 4 are the counterparts of 1 and 2, 
except that the manufacturer dummies are dropped. The co- 
efficients of determination drop markedly (both regressions 
are still statistically significant at the .O1 level), but 
the coefficients of the various attributes remain fairly 
similar; apparently the manufacturer effects are substantially 
independent of the levels of the various attributes. The 
acceleration, ride, repair frequency, and gas mileage variables 
still have the wrong sign in Regression 3, and the most notable 
difference between Regressions 2 and 4 is that the coefficient 
of price is closer to zero in the latter equation. 
While the results in Table 1 were obtained for all auto- 
mobile models, the electric cars currently under development 
apparently will be relatively small vehicles designed mainly 
for commuting and intra-city use. In actual use they will 
undoubtedly resemble and compete most c l o s e l y  w i t h  models of  
t h e  t ype  c u r r e n t l y  des igna t ed  a s  "subcompacts." The re fo re ,  
an  impor tan t  q u e s t i o n  i s  whether t h e  de t e rminan t s  of  demand 
f o r  subcompacts d i f f e r  from t h o s e  f o r  o t h e r  automobiles .  
Because subcompacts perform d i f f e r e n t  f u n c t i o n s  a s  second 
a u t o s ,  t h i s  might be t h e  ca se .  Therefore  it is a p p r o p r i a t e  
t o  t e s t  f o r  d i f f e r e n c e s  i n  demand r e l a t i o n s h i p s  f o r  sub- 
compacts compared t o  o t h e r  au tos .  To t e s t ,  we a p p l i e d  t h e  
s t anda rd  procedure of  breaking  o u r  sample i n t o  two subsamples, 
s i x t y - s i x  subcompacts and 340 o t h e r s ,  and running s e p a r a t e  
r e g r e s s i o n s  on each.  For Regress ions  1 and 2 r e s p e c t i v e l y ,  
"Chow" t e s t s  of t h e  n u l l  hypo thes i s  t h a t  t h e  c o e f f i c i e n t  vec- 
t o r s  a r e  equa l  between t h e  two subsamples gave, r e s p e c t i v e l y ,  
F = 3.23 f o r  f o u r t e e n  and 374 deg rees  of  freedom and F = 3.93 
f o r  t e n  and 382 degrees  of  freedom.12 Both r e s u l t s  a r e  s i g n i -  
f i c a n t  a t  t h e  .O1 l e v e l  sugges t ing  t h a t  t h e r e  is  a d i f f e r e n c e  
i n  de t e rminan t s  of  demand between subcompact and o t h e r  c a r s .  
However, s i n c e  t h i s  t e s t  is q u i t e  powerful f o r  samples a s  
l a r g e  a s  o u r s ,  and s i n c e  t h e  s t a n d a r d  e r r o r  o f  t h e  pooled 
r e g r e s s i o n s  i n  Table 1 a r e  no t  app rec i ab ly  l a r g e r  t han  those  
i n  t h e  i n d i v i d u a l  r e g r e s s i o n s ,  we f e e l  t h a t  t h e  r e a l  d i f f e r e n c e s  
between samples may be  r e l a t i v e l y  smal l  and t h e  r e s u l t s  i n  Table 
1 s t i l l  m e r i t  c o n s i d e r a t i o n .  13 
' 2 ~ h e  "Chow" r e s t  is F = I (A - B) /d. f .A  - l / [B/d . f .Bl ,  where 
A = sum of  squared r e s i d u a l s  f o r  t h e  pooled r eggess ion ,  B = sum 
of  squared  r e s i d u a l s  f o r  each i n d i v i d u a l  r e g r e s s i o n  summed a c r o s s  
bo th  r e g r e s s i o n s ,  d . f . ~  = r e s i d u a l  deg rees  of  freedom f o r  t h e  
pooled r e g r e s s i o n ,  d . f . ~  = t h e  sum of  r e s i d u a l  deg rees  o f  f r e e -  
dom f o r  t h e  i n d i v i d u a l  r e g r e s s i o n s .  See ,  f o r  example, Johns ton  
[I 5 I , subcompact sample. 
13For example, G r i l i c h e s  and Ohta [12 ]  a rgue  on grounds of  
parsimony i n  f avo r  of a  methodology which employs c o n s t r a i n e d  
(pooled)  r e g r e s s i o n s  i f  t h e i r  s t anda rd  e r r o r s  a r e  n o t  app rec i ab ly  
l a r g e r  t han  t h o s e  of uncons t ra ined  r e g r e s s i o n s  even though formal  
F - t e s t s  might r e j e c t  s imp l i fy ing  hypotheses embodied i n  t h e  con- 
s t r a i n e d  r e g r e s s i o n s .  
Because of t h e  suspected d i f f e r e n c e ,  however, t h e  r e l a t i v e  
sha res  model was a l s o  est imated on t h e  subsample of compacts. 
Since t h e  f u l l - s i z e  Chevrolet i s  not  i n  t h i s  c l a s s ,  it i s  no 
longer appropr ia te  t o  use it a s  base;  the re fo re ,  t h e  Volks- 
wagen "Beetle" ( t h e  only VW i n  our sample) was used a s  base 
i n  t h i s  ana lys i s .  Elimination of t h e  four teen WJ observat ions  
from t h e  o r i g i n a l  s i x t y - s i x  l e f t  f i f ty - two  observat ions  on 
subcompact r e g i s t r a t i o n s  and a t t r i b u t e s  r e l a t i v e  t o  VW. 
The r e s u l t s  of t h e  a n a l y s i s ,  which a r e  presented i n  
Table 2, d i f f e r  from those  i n  Table 1. There i s  somewhat 
l e s s  v a r i a t i o n  i n  t h e  manufacturer c o e f f i c i e n t s ,  al though 
AMC ( included i n  t h e  i n t e r c e p t )  again appears t o  be a t  a 
r e l a t i v e  disadvantage. Not s u r p r i s i n g l y ,  t h e  l a r g e  negative 
i n t e r c e p t  i n d i c a t e s  t h a t  Volkswagen, appears t o  be t h e  "most 
p re fe r red"  brand. Also, t h e  c o e f f i c i e n t  of p r i c e  is  con- 
s i s t e n t l y  l a r g e r  (more negat ive)  than i n  Table 1; t h i s  may 
be owing i n  p a r t  t o  t h e  f a c t  t h a t  small  c a r s  a r e  discounted 
l e s s ,  and t h a t  t h e  es t ima tes  on Table 2 simply provide b e t t e r  
e s t ima tes  of t h e  p r i c e  e l a s t i c i t y  of demand f o r  a l l  c a r s  with 
r e s p e c t  t o  t r a n s a c t i o n  p r i ces .  Another p o s s i b i l i t y  i s  t h a t  
buyers of subcompacts a r e  a d i s t i n c t  market segment which i s  
markedly more s e n s i t i v e  t o  p r i c e  than t h e  auto  buying popu- 
l a t i o n  a s  a whole. 
There a r e  a l s o  d i f fe rences  i n  t h e  c o e f f i c i e n t s  t h a t  
appear t o  be important. Now f r o n t  l e g  room, a c c e l e r a t i o n  
( a s  i n  Table 11, r i d e ,  handling,  and gas mileage have t h e  
wrong s igns  and a r e  i n s i g n i f i c a n t .  ' A s  i n  Table 1 ,  t h e  
negat ive  s ign  on gas mileage f a i l e d  t o  disappear through 
repeated experiments even though f u e l  economy i s  presumably 
an important  a t t r i b u t e  of subcompacts. In  t h i s  case ,  t h i s  
4 ~ h e r e  i s  no automatic t ransmiss ion v a r i a b l e  s i n c e  
none of t h e  c a r s  i n  t h i s  subsample had an automatic transmission.  
Table  2. Regress ions  of l o g  ( n j t / a t )  * o n  a t w i b u t e s  and m n u f a c t u r e r  
d k e s ;  submrrpacts on ly  (T-ra t ios  i n  pa ren theses ) .  
Icg ( P r i c e  / j t -3.44702 -2.80909 -3.44793 -3.97632 
Pric&) (-2.52366) (-2.76754) (-3.36809) (-3.73079) 
w ( F t  leg mjt/ -1.99894 
F t  leg rmbt) (-.40602) 
w Par leg mjt/ .52941 2.26800 
= leg rmbt) (. 37458) (1.74278) 
w (Acceljt /  -23584 3.02542 
belid ( .10665) (1 -47166) 
w (Pass  jt/ -1.06836 -1.04964 -. 99974 -2.50821 
Passbt) (-.75031) (-2.20059) (-1.93362) (-1.89293) 
LC¶ (Ridejt/ -. 10858 -.38164 
Ride bt ) (-. 39332) (-1.39081) 
&Pr ( .95552) (. 96640) ( .94241) (.96493) 
-.97391 -1.49832 
Gas mibt) (-.96461) (-1.95287) 
F o r t  = 1 
Other -48178 .57971 
Ford = 1 (1.14737) (1.67498) 
I n t e r c e p t  -1.06945 -1.04291 -.77980 -.83479 
R~ .525 -505 -213 .395 
Std. Error .30865 -29279 .35349 .33140 
* 
The t e rm njt/nbt r e p r e s e n t s  n m b e r  o f  u n i t s  o f  n-cdel j registered in year 
t r e l a t i v e  to n m h r  o f  u n i t s  o f  &el b registered in t, where the "base" -1 
b was the Volkswagen "Beetle." h n m n  logarit inns are used throughout.  
perverse result is very difficult to explain. 
In the process of developing a regression for fore- 
casting purposes, the rear leg room variable was dropped 
because it had the wrong sign, and handling, ride and acce- 
leration were also insignificant. The best regression in 
Table 2, presented as Regression 2, suggests that elasticity 
with respect to relative price is about 2.8, and that passing 
speed and possible repair frequency are other attributes which 
influence choice. The latter was included in our final 
equation even though its t ratio was slightly below our usual 
rule-of-thumb cutoff point of one. 
As in Table 1, Regressions 3 and 4 in Table 2 are the 
counterparts of Regressions 1 and 2 in Table 1. Again, the 
coefficients are reasonably similar to those in Regressions 
1 and 2, but, unlike Table 1, the coefficients of determination 
do not drop as drastically when the manufacturer variables 
are eliminated. This suggests that brand preferences may 
not be as dominant an influence on demand in the subcompact 
market as they appear to be in the rest of the automobile 
market. 
In general, the results presented in this section suggest 
that price, performance and particularly the manufacturer's 
identity are important determinants of the relative shares 
of new cars. The results could probably be improved in several 
respects, and we will work on these in the future. First, 
we have not tested for changes in the demand functions over 
time; in the future we plan to apply a modification of the 
Cooley-Prescott [51 adaptive forecasting procedure in an 
attempt to track changes and to develop an optimal weighting 
of current versus past observation. Second, as mentioned 
earlier, we have not yet considered time lags in the deter- 
mination of model shares. Finally, we will investigate the 
influence of variables omitted thus far, such as overala body 
length and width. 
IV. Solutions for the Market potentla1 of Electric Automobiles 
The equation estimates shown in Tables 1  and 2 will not 
be used to solve for the market potential of electric auto- 
mobiles under sets of assumptions that reflect realistic 
expectations on the price and standards of performance of 
such vehicles. In order to convert the ratio of some vehicle 
J to the base vehicle into shares of the total market, let 
the numerators and denominators of equations be considered 
as n and nb respectively. Thus, from our estimated equations j 
we have the following: 
m 
Dividing both sides of ( 1 3 )  by Jl nj/nb, yields the basic 
market share identity, 
That is, the market shares must sum to unity with the terms 
on the left hand side equaling the market shares of the indi- 
vidual models. 
Since it is clear that Regression 2 in Table 1  and Re- 
gression 2 in Table 2 are superior to any of the alternatives, 
they alone will be used for solution purposes. It will be 
recalled that Table 1  is a representation of market shares 
for all cars while Table 2 represents market shares for sub- 
compacts only. In both cases, for purposes of calculating 
market shares, the other cars in the solution are 1973  models. 
Thus, in effect, what we are doing is estimating the market 
share for electrical automobiles had such automobiles been 
easily available in 1973.  
We develop solutions for four hypothetical electric 
cars embodying two different sets of physical attributes, 
plus two assumptions about the identity of the manufacturer. 
One set of characteristics we may regard as the "near-term" 
set, representing an electric auto that could be brought onto 
the market currently or in the near future. The second set 
of characteristics we may regard as the medium-term set, 
embodying performance of an electric automobile which is 
more advanced but in some senses still inferior to current 
subcompacts. Over the long term it might be possible that 
electrical automobiles will be developed to an extent that 
they will be competitive in every respect with existing 
internal combustion automobiles for normal road and driving 
conditions. We have not simulated this latter case since 
it would do no more than repeat the market shares of existing 
automobiles. Thus, we only test the near-term and medium- 
term sets of physical attributes. 
With respect to manufacturers, for each of the sets of 
physical assumptions, we make alternate assumptions: 1) the 
manufacturer is new to the industry, i.e., the manufacturing 
effect is assumed to be neutral and thus the dummy variable 
for automobile make is set at zero; and 2) the electric 
auto is made by a large domestic manufacturer, assumed to 
be Chevrolet. Results, of course, would be somewhat similar 
had the domestic manufacturer been assumed to be Ford. The 
physical characteristics of the near-term electric automobile 
are as follows: 
a) it carries a relatively low list price--approximately 
$2,700; 
b) it has average front leg room for a subcompact; 
cl it has no rear seat; hence, we arbitrarily set the 
rear leg room equal to one inch; 15 
d) the car will take forty seconds to go from zero 
to sixty mph. This is very slow--approximately 
double that of the worst of the current subcompacts. 
However, it seems to be a realistic, perhaps even 
optimistic, assumption from what we have learned 
about electric autos that can be or are on the 
market presently; 
e) it will take approximately thirty-two seconds to 
go from forty-five mph to sixty-five mph as a 
representation of passing speeds. This, too, is 
a somewhat optimistic assessment; 
f) the handling rating has been set equal to 3, that 
is, we expect handling to be average; and 
g) we assess repair frequency to be equal to 5, that 
is, superior repair frequency performance since 
electric cars have very few moving parts and would 
presumably need repair much less frequently. 
The assumed physical characteristics of the medium-term 
electric car are based on the optimistic end of what developers 
are aiming to produce--given current battery, electronic, and 
other relevant technology. They are as follows: 
1) price would be expected to be around $& , t oo ;  
2) front leg room is assumed to be approximately the 
same as average current subcompacts, that is, forty 
inches ; 
 his is a highly arbitrary treatment. It bas necessary 
because none of the compacts in our sample lacked rear seats. 
Had we been able to do it, it would have been better to have 
represented the presence or absence of a rear seat by a dummy 
variable. Arbl'trarily setting the rear seat valucb so low may 
have an unwarranted depressing effect on the mark(:t share. 
3)  r e a r  l e g  room i s  assumed t o  b e  e q u a l  t o  t h a t  o f  t h e  
a v e r a g e  subcompact o r  twenty-  t h r e e  i n c h e s  ; 
4 )  a c c e l e r a t i o n  o f  z e r o  t o  s i x t y  mph is e x p e c t e d  t o  h e  
a b o u t  t h i r t y  seconds  ; 
5) it i s  e x p e c t e d  t h a t  it would t a k e  a p p r o x i m a t e l y  
twen ty- four  seconds  t o  go from f o r t y - f i v e  mph t o  
s i x t y - f i v e  mph. 16 
6 )  h a n d l i n g  r a t i n g  i s  a g a i n  e x p e c t e d  t o  b e  a v e r a g e ,  o r  
a  r a n k i n g  o f  3;  and 
7 )  r e p a i r  f r e q u e n c y  i s  assumed t o  b e  s u p e r i o r ,  and t h u s  
h a s  a  r a n k i n g  o f  5.  
Given t h e s e  a s s u m p t i o n s ,  T a b l e  3  i n d i c a t e s  t h e  s o l u t i o n s  
f o r  t h e  marke t  s h a r e  of e l e c t r i c  a u t o m o b i l e s  and t o t a l d u m b e r  
o f  s a l e s  t h a t  might  have been e x p e c t e d  i n  1973 had t h e  e l e c t r i c  
a u t o m o b i l e s  been  f r e e l y  a v a i l a b l e  on t h e  marke t .  I n  t h e  c a s e  
o f  t h e  near - t e rm electric a u t o m o b i l e ,  t h e  s o l u t i o n s  i n d i c a t e  
t h a t  i f  t h i s  v e h i c l e  w e r e  b r o u g h t  t o  t h e  marke t  by a  new 
m a n u f a c t u r e r ,  it would s e l l  a  r a t h e r  m i n u s c u l e  -03% o f  t h e  
t o t a l  1973 marke t  o r  2,400 u n i t s .  On t h e  o t h e r  hand,  were  
it marke ted  by C h e v r o l e t ,  it would a p p a r e n t l y  have had s a l e s  
T a b l e  3. S o l u t i o n s  f o r  t h e  1973 p o t e n t i a l  marke t  s h a r e  
and t o t a l  s a l e s  o f  e l e c t r i c  a u t o m o b i l e s ,  b a s e d  
o n  r e g r e s s i o n  2, T a b l e  1 .  
- - - 
T o t a l  U n i t  P o t e n t i a l  E l e c t r i c  
Market S a l e s  i n  1973 Auto S a l e s  i n  
Automobi le  Maker S h a r e  Sample ( t h o u s a n d s )  1973 ( t h o u s a n d s )  
I Near-Term New .0003 9,600 2.4 I 
E l e c t r i c  1 Auto Chev. .0012 9,600 
I Medium-Term New .0029 9,600 
E l e c t r i c  I Auto Chev. .0128 9,600 
1 6 ~ h e s e  l a t t e r  two assumpt ions  p l a c e  t h e  pe r fo rmance  o f  
t h e  medium-term e l e c t r i c  a u t o m o b i l e  a t  a p p r o x i m a t e l y  t h e  same 
l e v e l  a s  a  1960 Volkswagen. 
of approximately .1$ or roughly 11,700 units. Even 
though the medium-term electric automobile would appear to 
be considerably more expensive, the market shares are much 
higher--approximately .3% or 28,000 units in the case of the 
new manufacturer or 1.3% or 122,800 units in the case of 
Chevrolet. 
Table 4 shows solutions of a two-step procedure in which 
we first calculate the 1973 share of the electric car relative 
to all subcompacts and then the share that the subcompacts 
had of the 1973 market, approximately 25%. The results in this 
case are strikingly different. The near-term car with a new 
manufacturer has approximately 1% of the subcompact market, 
or 0.2% of the total market, which translates to approximately 
24,000 units. If the near-term electric car is marketed by 
Chevrolet, it would have had approximately 5% of the subcom- 
pact market, or 1.3% of the total market, translating to 
approximately 125,000 units. These results are higher by a 
Table 4. Solutions for the 1973 potential market share 
and total sales of electric automobiles, based 
on regression 2, Tab:e 1. 
Total Unit Potential 
Subccmpact Sales in Electric Auto 
Share of Sub- of Tbtal 1973 Sample Sales in 1973 
Autambile Maker C c q x c t  Market Market (thousards) (thousands) 
Near-Tenn New .0099 -24% 9,600 23.6 
Electric 
Auto chev. .0527 .248 9,600 125.4 
Medium- 
Term New .0045 .248 9,600 10.7 
Electric 
Auto chev. .0243 .248 9,600 57.9 
factor of ten than those of Table 3 where the sample was all 
automobiles rather than subcompacts alone. 
Results for the medium-term car are scarcely less sur- 
prising. The share of the subcompact market for the medium- 
term car is less than .5%, or 0.1% of the total market, which 
would be approximately 11,000 units. If it is marketed by 
Chevrolet, it is approximately 2% of the subcompact market, 
0.6% of the total market, or approximately 58,000 units. 
These figures contrast sharply to those of Table 3, being 
less than half of what Table 3 implied. 
One reason for these discrepancies in the results is 
that when the subcompacts are broken out as a separate sample, 
the near-term car compares much better because rear leg room is 
not a significant variable in the market for subcompacts. 
Furthermore, the market for subcompacts is much more sensitive 
to price than the market for automobiles as a whole--the 
relative price elasticity is roughly double that for the 
market as a whole. This imposes a heavy penalty on the medium- 
term electric automobile which is considerably more expensive 
than the near-term automobile or the average price of current 
subcompacts. 
As a point of reference on the sales figures, average 
sales per model in 1973 was 223,000 units. Of course, there 
is a great deal of variation about this figure, and we do 
not have a clear idea of what the critical number is at which 
point a model becomes profitable to put on the market. Of 
critical importance here, as reflected in the regression, is 
the importance of being marketed by a known manufacturer. 
As discussed above, there are many reasons why this may be true, 
such as the size of the dealer network for servicing, advertising 
expenditures, the persistence of habits, and the existence of 
other unincluded variables which bear a strong relationship 
to brand name identification. 
V. Summary, Caveats, and Directions for Further Research 
We have attempted in this paper to develop and apply 
an approach to forecasting the demand for new goods. While 
we have made some progress, it is obvious that a great deal 
should be done before using this approach in a serious appli- 
cation. There are three areas in which we plan to begin 
work immediately. 
One is investigation of dynamic specifications of the 
market shares mode. We think it is reasonable to postulate 
that habit formation is an important determinant of auto- 
mobile buying behavior and we will begin to develop dynamic 
specifications to be tested. Since we have used pooled cross- 
section and time series data, we will pay particular attention 
to econometric problems associated with dynamic specifications 
with this type of sample. It would appear to be appropriate 
to use estimators such as the Balestra-Nerlove [ I ]  error 
components approach for this purpose. 
A second task is to investigate cross-section results 
over time for possible changes in the parameters to see if they 
vary significantly and systematically. If they do, we will 
attempt to account for such changes. Also, for forecasting 
applications, it can reasonably be assumed that the most recent 
observations are the most relevant for the future and, there- 
fore, we plan to explore the Cooley-Prescott adaptive fore- 
casting estimator to take this into account. Third, we have 
indicated that we believe that automobile length and width may 
be important omitted variables relating to comfort and luxury. 
We plan to investigate what, if any, effect these may have on 
our results. 
Other directions of research that would appear to be profit- 
ably pursued would be to investigate the implications of alter- 
native utility functions and consumption technologies. In the 
case of both the addilog utility function and the multipli- 
cative consumption technology, our choice was based on 
essentially arbitrary grounds. Translog, constant elasticity 
of substitution or other utility functions might equally well 
have been selected. Also, it would appear that the entire 
range of issues surrounding the selection of a consumption 
technology is a realm for fruitful investigation. There 
would appear to be no particular reason why either a linear 
or a multiplicative consumption technology should be assumed. 
Rather, it seems to us, that a proper specification of a 
consumption technology will differ from good to good, perhaps 
resulting in rather complicated formulations of multiplicative 
and additive terms depending on the way various characteristics 
yield satisfaction to consumers. 
Our biggest problem with data, other than the general 
question of intangible characteristics, would seem to be that 
we have not been able to develop data on the variation within 
models. For full-size Chevrolets, for example, there are 
several engine sizes with associated differences in performance 
characteristics, choices of two-door, four door, or stationwagon 
models, not to mention choices on the quality of interior and 
exterior appointments and trim. This leads to the entire 
question of style and aesthetics, which we have not been able 
to address at all. From casual observation, we would have to 
believe that aesthetic appeal varies a great deal from year 
to year and between models and manufacturers. We have no 
particular insights on how to handle the style and aesthetics 
question other than perhaps to investigate year- and model- 
specific dummy variables and simply see what happens. This 
is obviously not an intellectually satisfactory approach to 
this problem. However, if it removes some of the noise from 
our sample and helps to make heretofore nonsignificant variables 
significant, the benefits in precision may outweigh the costs 
of conceptual weakness. We are particularly disturbed by what 
we regard as a lack of credibility of our results concerning 
the insignificance of gasoline mileage as an element of 
consumer choice. We would think, if for no other reason, that 
the amount of advertising expenditure that has been devoted 
to this characteristic would make it statistically significant. 
While it is clear that there is a great deal more to 
be done in looking at the problems of electric automobiles 
within this analytical framework, we feel that we have 
accomplished several significant tasks: 1) an explicit 
derivation of a demand function for a particular new good; 
2 )  estimating of the parameters of this function; and 31 so- 
lutions for what appear to be reasonable technological possi- 
bilities for electric automobiles. 
In particular, our findings indicate that purchase price 
is likely to be a significant determinant. This, of course, 
is hardly surprising. Of greater interest is the finding of 
a strong influence of "brand name identification." We have 
identified several areas that might account for this phenomenon 
such as the size of a dealer network, styling, quality of service, 
advertising expenditures, and others. However, these factors 
are currently locked into dummy variables and remain only items 
of speculation. Nevertheless, while we do not know what 
accounts for the importance of the manufacturers dummy variables, 
it is clear that they are important and must be reckoned with 
in considering the viability of any future electric automobile. 
It is also apparent, but not particularly surprising, 
that the elapsed time of accelerating from forty-five mph 
to sixty-five mph is an important variable. Nowhere in the 
world, to our knowledge, are motorists insensitive to speed 
and acceleration. We found, also, in the estimates presented 
in Table 1 that front and rear leg room are of some importance. 
However, this result was not confirmed in the subcompact sample 
whose results are presented in Table 2. 
In short, we cannot pretend that our findings regarding 
the future of electric automobiles are definitive, but we 
do hope that they lead to increased research in not only the 
area of the market potential of new automobiles, but on new 
goods in general--an area that, with a few notable exceptions 
such as Lancaster [I 61 , Ironmonger [ 141 , Quandt and Baumol [I 81 
and Baumol [2] has been relatively neglected. 
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Discussiop 
Nordhaus 
This is a very interesting paper applying the techniques of 
dynamic analysis to this problem of forecasting acceptance of 
new technologies. The great paradox in the study is that people 
pay attention to the purchase price of the automobile but not 
to the cost of running it. 
Crow mentioned this being a problem for future research. 
I would just suggest one possible technical problem. There is 
clearly an identification problem in that automobiles that have 
small shares of the car market also have a high price simply 
because of the fact that there are economies of scale up to say 
300,000 automobiles per model per year. We have almost the same 
problem that Taylor was talking about in the confounding of 
supply and demand in the empirical estimates. I think that the 
inconsistency between the price and cost coefficients is a tip- 
off that maybe the price term is biased. Also, I would say that 
the problems of learning and adaptation are not at all treated 
in Crow's paper. On the other hand, the use of lagged dependent 
variables is probably badly biased in this case. I might draw a 
comparison between Crow's work and Marchetti's work. Marchetti 
has used almost the identical model, not for electric automobiles 
but for shares in consumption of total energy. It is the same 
dependent variable and a completely different right hand side 
variable. 
Parikh 
I am puzzled by the fact that the price of automobiles is a 
significant variable but that gasoline consumption is not. I just 
want to ask whether you have looked at the possibility of differ- 
ent interest and credit rates for different income groups. This 
is an important factor in analyzing the advantages or disadvan- 
tages of one automobile against another since different interest 
rates presume different present values and this may be mucking 
up some of the results that you have gotten. I also presume 
that you have already found that there is no multicollinearity 
between price and automobile gas mileage. 
Crow 
-
The data we have are highly aggregated. My expectation 
would be, however, that "price" and "operating costs" would be 
to a large degree independent of one another. As you pointed 
out there is no apparent collinearity. I am not sure that the 
income stratification problem would help, and operationally we 
do not have the data. But it is an interesting point, and I 
would like to give it further thought. 
Parikh 
How do you propose to take styling into account? It may 
be a dominant force in model choice. 
Crow 
The fact that General Motors1 styling might have more 
appeal than the American Motors' has to fall within the manu- 
facturer's dummy variables. There is no way of really taking 
such things into account that I can think of now. 
Hutber 
I think that two aspects are missing in Crow's presenta- 
tion and I do not know whether they are in the paper. One 
which we found very important is the credit terms on which the 
cars are offered to the public. The other aspect peculiar to 
the electric car demand is the fact that as far as I can see 
from my work on energy, an electric car requires the creation 
of a new infrastructure and this is a very important factor and 
one which we cannot ignore if we are looking at electric cars 
as an alternative to an ordinary gasoline car. 
Crow 
The infrastructure is part of the supply problem. I am 
just dealing with the demand function. 
Hutber 
Is it not true that the US did an experiment with this 
matter and designed a motorcar with these high utility param- 
eters, using an analysis of the type you do and then when they 
came to sell it they could not sell it? 
Crow 
-
Not to my knowledge. 
Waverman 
Most of the studies of automobile demand have included 
horsepower and weight and I have found them to be the most 
significant variables since they completely determine gas 
mileage. Why were those two variables excluded and yet you 
include other factors like the price of the gasoline? If you 
include horsepower and weight you might find a significant gas 
mileage coefficient with the right sign. The manufacturing 
dummy is picking up a lot of thing? including these variables 
as well as service. 
I think I answered the supply side question; we recognize 
that it is an important question but it is not the question of 
the study. The credit terms are an interesting question. My 
impression is that the credit markets are fairly competitive 
in the US for different kinds of automobiles. I will look into 
this, but it is something we had not really thought about. To 
the extent that credit and interest rates reflect instruments 
of macroeconomic policy, this would affect the absolute size 
but not the relative shares of automobiles. 
On t h e  q u e s t i o n  of horsepower and weight ,  horsepower i s  
n o t  impor tan t  i n  i t s e l f .  I t  i s  n o t  something t h a t  people 
d i r e c t l y  use;  r a t h e r  t hey  a r e  i n t e r e s t e d  i n  what t h e  horse-  
power w i l l  g e t  them: t h e  r a t e  o f  a c c e l e r a t i o n ,  which is  a 
s i g n i f i c a n t  v a r i a b l e  i n  a l l  o f  t h e  r e g r e s s i o n  experiments  t h a t  
we used. By t h e  same token,  weight  i n  i t s e l f  i s  no t  something 
t h a t  people  va lue  d i r e c t l y .  Weight might have something t o  do 
wi th  t h e  r i d e  and wi th  handl ing  and we d i d  have r i d e  q u a l i t y  
r a t i n g s  and hand l ing  q u a l i t y  r a t i n g s  a s  r e p o r t e d  by Consumer 
Reports .  
Decreasing Block Pricing and the 
Residential Demand for Electricity 1 
Lester D. Taylor 
Introduction 
In the spring of 1974, I was approached by the 
Electric Power Research Institute to prepare a detailed 
state-of-the-art review of the econometric literature on 
the demand for electricity. In the course of my review, 
it became clear that, despite the fact that it has been 
well-known since the paper of Houthakker [Ill that the 
presence of decreasing block pricing in the sale of 
electricity has important implications for the modeling of 
electricity demand. Not one existing econometric study, 
except for Houthakker's pioneering effort, has really 
adequately taken decreasing block pricing into account. 
The present paper, which draws considerably from my 
survey paper, is addressed to the problems, both 
theoretical and econometric, that decreasing block pricing 
creates for the analysis of electricity demand. However, 
while the focus here is on the demand for electricity, the 
analysis is applicable to any commodity that is purchased 
subject to decreasing marginal price. Our format will be, 
first, to discuss the implications of decreasing block 
pricing for the equilibrium of the consumer and the 
problems created in deriving the demand functions. This 
occupies Section 11. Section I11 of the paper then turns 
'1 am grateful to Gail Blattenberger and John T. Wenders 
for many helpful discussions on the topics covered in this 
paper and to Nancy McKinney for secretarial assistance. 
to practical solutions to the question of how to represent 
decreasing block pricing in the demand function. Finally, 
Section IV illustrates the solutions proposed in the 
context of a model being employed by Gail Blattenberger 
and myself in a study of the residential demand for 
electricity that has been commissioned by the Electric 
Power Research Institute. 
11. Decreasing Block Pricing and Consumer Equilibrium 
The traditional point of departure in applied demand 
analysis is to assume that the quantity consumed of the 
good (or service) in question is a function of the level 
of income, the price of the good, and the prices of the 
other goods that are consumed. On the assumption that 
there are n goods in the market basket, we can represent 
this in symbols as 
where q denotes the quantity consumed of the good in 
question, x refers to income, and p1,p2,...,pn represent 
the prices of the n goods. Income and prices are usually 
taken to be market determined, and it is typically assumed, 
at least at the outset, that q and x refer to an individual 
consumer or 3 household. 
Such a procedure is motivated by the classical theory 
of consumer behavior, which sees the consumer as maximizing 
a utility function defined over the n goods subject to his 
level of income. If the demand function in equation (1) 
has been derived through such a procedure, then, in current 
parlance, the demand function is said to be "theoretically 
plausible." However, while recent years have seen a 
rapidly increasing use of demand functions that are 
theoretically pla~sible,~ there does not exist a single 
econometric study of the demand for electricity for which 
this is the case. There are several reasons for this, not 
the least of which is the fact that the demand for 
electricity has usually been approached in isolation or 
else in conjunction with the demand for its close 
substitutes. This being the case, investigators have had 
little incentive to worry about whether their estimated 
demand functions satisfy the Slutsky symmetry conditions 
in the context of a complete system of demand functions. 
However, there is another, more fundamental, reason 
why it is difficult to specify a demand function for 
electricity that exhibits theoretical plausibility. The 
problem lies in the fact that the consumer of electricity 
does not face a single price, but rather a price schedule 
from which electricity is purchased in blocks at a 
decreasing marginal price. It has been well-known since 
the paper of Houthakker 1 1 1 1  that the presence of a price 
schedule has important econometric implications, but the 
literature has focused rather narrowly on the question of 
the type of price--marginal or average--that should be 
included in the demand function. That the price schedule 
has implications for the equilibrium of the consumer--and 
therefore for the demand function itself--has not been 
systematically Investigated. 3 
2 ~ e e  Parks [ 161 , Houthakker and Taylor [ 121, Phlips [171, 
Taylor and Weiserbs [181, Brown and Heien [31, and 
Christensen, Jorgensm, and Lau 161 . 
 he theoretical implications of quantity discounts and 
block tariffs were clearly understood and stated in papers 
by Buchanan [5] and Gabor [8]. However, the contributions of 
these writers (see also Buchanan [ 4 ] ,  Gabor [9], and Oi [15]) 
have gone unnoticed in the econometric literature. 
In order to strip the problem to its barest essentials, 
suppose that there are just two goods, the first of which is 
electricity. Denote the goods by ql and q2, and assume that 
q2 can be purchased in unlimited quantities at price p2, but 
that electricity (ql) is purchased according to a two-part 
tariff with decreasing block rates as follows: 
kl kwh's or less is z 
kl to k2 kwh's is nl/kwh 
more than k2 kwh's n2/kwh 
where n2 < nl. Per usual, we shall assume that the consumer 
possesses a utility function $(ql,q2) that is maximized 
subject to his level of income x. 
In the usual situation it is assumed that each good has 
a single price, in which case the budget constraint is 
linear. However, with a price schedule for ql, the budget 
constraint becomes nonlinear. Its general appearance is as 
given in Figure 1, while algebraically it is given by 4 
Figure 1 .  
'~t is assumed that the first part of the tariff (z) 
must be paid even if no electricity is used. 
where 
The horizontal segment of the budget constraint in 
Figure 1 corresponds to the fixed charge of z for consumption 
of the first kl kwh's. The linear segment between k, and k2 
has a slope equal to -a1/p2, and corresponds to the sl part 
of the electricity price schedule. Finally, the segment 
from k2 on, with a slope equal to -a2/p2, corresponds to the 
a2 part of the schedule. 
The nonlinear, nonconvex budget constraint in (2) has a 
number of consequences for the equilibrium of the. consumer, 
his demand functions, and Engel curves, and we shall now 
discuss these with the aid of Figures 2-7. 
Figure 2 shows equilibrium for two different indifference 
maps. The indifference map with solid curves gives an 
equilibrium on the facet of the budget constraint having a 
slope equal to -al/p2, while the one with dashed curves 
gives an equilibrium on the facet with a slope equal to 
-a2/p2 • Figure 3 describes an increase in al, but not a2, 
while Figure 4 displays an increase in a2 as well. In 
Figures 3 and 4, equilibrium following a price increase 
remains on the same facet of the budget constraint, but 
it is clear from Figure 5 that this need not always be the 
case. For the indifference curves in this figure show 
equilibrium switching from the facet with slope -s2/p2 to 
F i g u r e  2. F i g u r e  3 .  
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the facet with a slope equal to -n,/p2--that is, in this 
case, the price increase leads the consumer to drop back to 
a higher marginal rate class. Switching into a different 
marginal rate class can also come about by a change in 
income, as is evident in Figure 6. Finally, Figure 7 
gives a case in which the budget constraint is tangent to 
the same indifference curve at two different points, 
thereby resulting in multiple equilibria. 
Figures 2-7 thus support the following conclusions: 
1) Because of the piece-wise linearity of the budget 
constraint in (2), the equilibrium of the 
consumer cannot be derived, as is conventionally 
the case, using the differential calculus. 
Mathematical programming must be used instead. 
Among other things, this means that the demand 
functions and Engel curves cannot, in general, be 
obtained as closed-form expressions from solution 
of the first-order conditions for utility 
maxirni~ation.~ Demand functions and Engel curves 
still exist, but they cannot be derived 
analytically. 
2) From Figure 5, it is evident that the demand 
functions are discontinuous, with jumps at the 
points where equilibrium switches from one facet 
of the budget constraint to another. 
3) From Figure 6, the same is seen to be true of the 
Engel curves. 
4) From Figure 7, it is seen that for "normal" 
indifference curves, there will be particular 
configurations of prices for which the demand 
functions are not single-valued. This is, of 
course, a consequence of the non-convexity of the 
5~oreover, this is true for goods, not just for 
electricity. 
budget constraint. In particular, the demand 
functions will be multi-valued whenever there is a 
configuration of prices that yield multiple 
tangencies of the budget constraint to the same 
indifference curve. 
Needless to say, the econometric implications of these 
results are rather disturbing, for inter alia they mean 
that, at the level of the individual consumer, specification 
and estimation of a conventional demand function for 
electricity cannot be justified de riguer. However, once 
we consider electricity consumption for a group of households, 
rather than just a single household, the situation brightens. 
For it has recently been shown by Gail Blattenberger, my 
collaborator on the EPRI demand study, that as one 
aggregates across households, the relationship between mean 
consumption and price becomes a continuous function as the 
number of households in the group becomes large, the only Ee- 
quirement being that tastes or income vary across households. 
Although at this point we do not know what constitutes 
a sufficient number of households for this asymptotic 
result to apply, it is almost certainly smaller than the 
number of residential customers in a state, which is the 
basic unit of observation in our analysis. In any event, 
it will be assumed in the discussion that follows that the 
number of customers being aggregated over is sufficiently 
large that the demand functions are both continuous and 
continuously differentiable. 
111. The Econometrics of Decreasing Block Pricing 
In this section, we turn our attention to the practical 
question of how decreasing block pricing should be taken into 
account in specifying the demand function. The conventional 
view since Houthakker's 1951 paper [ I l l  is that a marginal 
price, not an average price, should be used in the demand 
equation, the reasoning being that the consumer, in 
achieving equilibrium, equates benefits with cost at the 
margin.6 Also, there is the problem that when average 
price is defined ex post as the ratio of total expenditure 
to quantity consumed, as is the usual practice, a negative 
dependence between quantity and price is established that 
reflects nothing more than arithmetic. However, while the 
use of a marginal price7 for "the" price variable has some 
appeal, it only conveys part of the information required. 
For a single marginal price is relevant to a consumer's 
decision only when he is consuming in the block to which 
it attaches; it governs behavior while the consumer is in 
that block, but it does not, in and of itself, determine 
why he consumes in that block as opposed to some other 
block. 8 
6 ~ h e  following quotes are illustrative: "A purchaser 
of electricity, like any monopsonist, should base his 
decisions on marginal price, and this is the relevant price 
variable to include in the equations." (~alvorsen [lo], 
(p. 4)); "In economic theory, consumer decisions are based 
on marginal prices ...." (Mount, Chapman, and Tyrrell [14], 
(p. 6)); "The correct price variable to appear ... for these 
commodities is, therefore not the average unit price but 
the price of a marginal unit of consumption, provided that 
consumers are well-informed." (Anderson [I], p. 6). 
7 ~ e  put to the side, for the moment, the question of 
"which" marginal price. 
'use of a single marginal price also has the problem 
that the same marginal price can be associated with different 
price schedules. See Buchanan [4]. 
In order to put the problem in perspective, let us 
return to the consumer of the beginning of this section and 
assume that equilibrium occurs in the r2 block. Consider 
the following three cases: 
a) an increase in the customer charge z, nl and r2 
remaining unchanged; 
b) an increase in rl, z and n2 remaining unchanged; and 
C) an increase in r2, z and a1 remaining unchanged. 
These three cases are depicted in Figures 8, 3, and 9, 
respectively. 
In Figure 8, the increase in z is seen to shift the 
budget line downward, and leads to a reduction in the amount 
of electricity consumed. In Figures 3 and 9, it is seen 
that q1 is decreased for Cases 2) and 3) also. However, it 
is to be noted, and this is the point of the exercise, that 
the reductions in ql in Cases 1) and 2) arise strictly from 
an income effect. That is, an increase in the customer 
charge and an increase in an intramarginal price are 
equivalent in the sense that they give rise to income 
effects, but not to substitution effects.' However, a 
change in a2, the marginal price, yields, in traditional 
fashion, both an income effect and a substitution effect. 
We shall see in a moment that this simple exercise 
essentially solves the problem of which price to include 
in the demand function, but before detailing this, we shall 
deal with the problems created by the use of ex post prices, 
calculated by dividing quantity consumed into total 
expenditure. As has been recognized by Halvorsen [lo] and 
 he only qualification to this statement arises in 
the situation where the increase in nl is sufficiently large 
that equilibrium switches from the r2 block to the al block. 
For this case, one might argue that there is a substitution 
as well as an income effect. 
F i g u r e  8. 
F i g u r e  9 .  
others, this lends to problems of simultaneity and 
identification. The existence of a price schedule with 
decreasing block tariffs means, in effect, that the 
consumer faces a downward sloping supply schedule, defined 
with respect to averaqe price. Equilibrium occurs at the 
price and quantity where demand and "supply" are equal. 
The details are presented in Figure 1 0 .  10  
average 
pr ice  
quantity 
If ex post average price is used as the price variable, 
it is clear that we have a textbook instance of simultaneity, 
and predetermined information is required if the two curves 
are to be identified. Including income in the demand 
function will identify the "supply" function, but the 
procedure to follow in identifying the demand function is 
''~or simplicity, I have treated the average price 
function as though it were continuous and smooth. 
less obvious. Since supply price is presumably related to 
costs, one way would be to include one or more cost 
variables in the average price function. This is one of 
the procedures advocated by Halvorsen, but it has some 
drawbacks. Among other things, it is not clear how costs 
are to be measured, and a further complication is added by 
the fact that utilities' profits are regulated. Consequently, 
a preferable alternative is to relate average price to the 
actual rate schedule. Since, in the short run anyway, the 
rate schedule is independent of demand, problems of 
simultaneity and identification are thereby eliminated. 11 
We shall return to this point in Section IV. 
As noted earlier, the exercises illustrated in 
Figure 3, 8, and 9 point to the proper way of representing 
decreasing block pricing in the demand function. This is 
to include two quantities from the rate schedule, namely, 
the price attaching to the last block consumed in and the 
expenditure on electricity up to, but not including, the 
final block.12 We shall refer to these two quantities as 
marginal price and intramarginal expenditure, respectively, 
and shall denote them by a, and a2. The coefficient for n2 
Halvorsen also pursues this second alternative, but 
his procedure is to use block "rates" calculated from 
Typical Electric Bills, an annual publication of The Federal 
Power Commission and on which most econometric studies of 
electricity demand now rely for price data. However, the 
data published in Typical Electric Bills do not yield actual 
rate structures, but only approximations to them. Rates are 
given as the average amount paid for various kwh's of 
electricity consumed, but the points given--specifically, for 
100, 250, 500, 750 and 1,000 kwhls/month--do not necessarily 
conform to blocks in the rate structures. Moreover, when the 
state is the observational unit, as is now conventionally the 
case, the problem is compounded by the fact that rate 
schedules usually vary from utility to utility. What is 
required, therefore, is a price set that is based on actual 
rate schedules. 
12since the observational unit is assumed to be an 
aggregate, the last block should be with reference to the 
"typical" customer. More abmt this in Section V below. 
will measure the income effect arising from intramarginal 
price changes, while the coefficient for n will measure 1 
the price effect as we conventionally use the term. 
As a variation on the procedure just outlined, n2 can 
be defined as the amount spent on electricity above that 
which would be required if the total kwh consumed were to 
be purchased at the marginal price nl. This variation is 
illustrated in Figure 11. s2, in this case, corresponds to 
the distance ab on the q2 axis. 
Figure 11. 
Taking account of decreasing block pricing in the 
manners just described can be given rigorous justification 
in terms of the theory of two-part tariffs. l 3  However, 
there exists an alternative procedure that does not derive 
from the theory of two-part tariffs, but which follows 
instead from the discussion associated with Figure 10. 
This is to make the quantity of electricity consumed a 
function of the average price of electricity, but where the 
average price is taken from the rate schedule and not 
calculated ex post as has conventionally been the case. As 
noted earlier, calculating average price from the actual 
rate schedule avoids problems with simultaneity and 
identification. 
l3see Buchanan [4, 51 and Gabor [ 8 ,  91 .  
IV. A Model of Electricity Demand 
We shall illustrate the procedures just described for 
dealing with decreasing block pricing in the context of the 
model of electricity demand that we are using in our EPRI 
study. Let me begin this section, therefore, with a 
description of this model. 
Electricity does not yield utility in and of itself, 
but rather is desired as an input into other processes (or 
activities) that do yield utility. The processes all 
utilize a capital stock of some durability (lamps, stoves, 
water heaters, etc.), and electricity provides the energy 
input. The demand for electricity is thus a derived demand, 
derived from the demand for the output of the processes in 
question. However, since durable goods are involved, we 
must from the outset distinguish between a short-run demand 
for electricity and a long-run demand. In the short run, 
residential electricity consumption is constrained by the 
existing stock of electrical appliances, hence the short-run 
demand for electricity can be viewed as the choice of a 
utilization rate of the existing stock of appliances. In 
the long run, in contrast, the stock of appliances is 
variable, hence the long-run demand for electricity is 
tantamount to the demand for an equilibrium stock of 
appliances. 
Following Fisher and Kaysen [7], assume that the stock 
of electricity-consuming capital goods is measured in terms 
of the number of watts of electricity that the stock can 
potentially draw. Denote this quantity by S, and assume 
that the amount of electricity consumed in the short run, 
to be designated by q and measured in kwh's, is given by 
where u ( * )  i s  t h e  u t i l i z a t i o n  r a t e  o f  s and i s  assumed t o  
depend upon t h e  l e v e l  o f  income ( x ) ,  t h e  " p r i c e "  of  e l e c t r i c i t y  
( n ) ,  and  any o t h e r  f a c t o r s  (economic, s o c i a l ,  o t  demographic)  
t h a t  migh t  b e  r e l e v a n t .  For  now, t h e s e  w i l l  s imply  b e  denoted  
by z .  I n  t h i s  framework, s p e c i f y i n g  t h e  s h o r t - r u n  demand 
f u n c t i o n  f o r  e l e c t r i c i t y  i s  t h u s  reduced  t o  s p e c i f y i n g  t h e  
form o f  t h e  f u n c t i o n  u.  14 
S p e c i f i c a l l y ,  we p o s t u l a t e  t h e  f u n c t i o n  u  t o  b e  g i v e n  by 
where nl d e n o t e s  t h e  m a r g i n a l  p r i c e  of  e l e c t r i c i t y  and  n2 
r e p r e s e n t s  t h e  i n t r a m a r g i n a l  e x p e n d i t u r e  on  e l e c t r i c i t y ,  b o t h  
a s  d e f i n e d  i n  S e c t i o n  I11 above.  With e q u a l  e a s e ,  and  p o s s i b l y  
more r e a l i s m ,  u  c a n  a l s o  b e  s p e c i f i e d  a s  
The s h o r t - r u n  demand f u n c t i o n  f o r  e l e c t r i c i t y  t h e r e f o r e  becomes 
o r  a l t e r n a t i v e l y  
q  = ( a o  + a , l n x  + a21nnl + a31nn2 + a 4 1 n z ) s  . ( 9 )  
Y e t  a n o t h e r  s p e c i f i c a t i o n  o f  u  i s  
I n  t h i s  c a s e ,  q  w i l l  b e  g i v e n  by 
o r  i n  l o g a r i t h m s ,  
l n q  = a *  + a  l n x  + a  l n n l  + a31nn2 + a41nz  0  1  2  
1 4 ~ a l e s t r a  [2] u t i l i z e s  a  s i m i l a r  approach  i n  model ing 
t h e  demand f o r  n a t u r a l  g a s .  
where 
Turning now t o  t h e  demand f o r  e l e c t r i c i t y  i n  t h e  long  
ru n ,  w e  b e g i n  by assuming t h a t  t h e  d e s i r e d  s t o c k  o f  
e l e c t r i c i t y - c o n s u m i n g  a p p l i a n c e s  (s)  i s  g i v e n  by 
when x ,  ? r l ,  and n2 a r e  a l r e a d y  d e f i n e d ,  r and 6  d e n o t e  t h e  
market  r a t e  o f  i n t e r e s t  and r a t e  o f  d e p r e c i a t i o n  of t h e  
c a p i t a l  s t o c k ,  r e s p e c t i v e l y ,  and p  d e n o t e s  t h e  p r i c e  p e r  w a t t  
o f  a d d i t i o n s  t o  t h e  c a p i t a l  s t o c k .  F i n a l l y ,  z i s  once  a g a i n  
a  v e c t o r  of o t h e r  r e l e v a n t  p r e d i c t o r s .  I n  words,  what t h e  
model s t a t e s  i s  t h a t  t h e  d e s i r e d  s t o c k  of  e l e c t r i c i t y - c o n s u m i n g  
c a p i t a l  goods i s  a  f u n c t i o n  of t h e  l e v e l  of income, t h e  p r i c e  
of  e l e c t r i c i t y ,  t h e  u se r - co s t  o f  t h e  c a p i t a l  s t o c k ,  a s  
r e p r e s e n t e d  by t h e  t e r m  (r + 6 ) p ,  and any o t h e r  f a c t o r s  t h a t  
might  b e  t h o u g h t  t o  b e  imp or t a n t .  1 5  
Next, l e t  
d e n o t e  g r o s s  inves tment  i n  new e l e c t r i c i t y - c o n s u m i n g  c a p i t a l  
goods (measured i n  w a t t s ) ,  where yn d e n o t e s  n e t  new inves tment  
and yr  rep lacement  inves tment .  Assuming, a s  i n  (131, t h a t  
d e p r e c i a t i o n  i s  e x p o n e n t i a l , 1 6  t h e  l a t t e r  w i l l  b e  g i v e n  by 
5 ~ l t e r n a t i v e l y ,  t h e  r i gh t -ha nd  s i d e  of  (13)  c a n  b e  
s p e c i f i e d  i n  l o g a r i t h ms .  
1 6 s i n c e  t h e  c a p i t a l  s t o c k  i s  measured i n  w a t t s ,  a  
"one-horse shay" assumpt ion  f o r  d e p r e c i a t i o n  would probably  b e  
more a p p r o p r i a t e .  However, f o r  p r e s e n t  purposes ,  e x p o n e n t i a l  
d e p r e c i a t i o n  i s  math ema t i ca l l y  more c o nv e n i e n t .  
w h i l e  f o r  y it is assumed t h a t  n 
where 0 < @ 2 1 .  Combining ( 1 3 ) ,  (151, and (161,  w e  t h e n  
have f o r  g r o s s  new i n v e s t m e n t ,  
F i n a l l y ,  t h e  model i s  completed by n o t i n g  t h a t  t h e  r a t e  of  
change i n  t h e  C a p i t a l  s t o c k  is g i v e n  by 
The f o r e g o i n g  i l l u s t r a t e s  t h e  " two-par t  t a r i f f "  approach  
f o r  d e a l i n g  w i t h  d e c r e a s i n g  b l o c k  p r i c i n g  i n  t h e  demand 
f u n c t i o n .  So l e t  u s  now t u r n  t o  t h e  "average  p r i c e "  approach .  
To b e g i n  w i t h ,  we assume t h a t  t h e  a v e r a g e  p r i c e  o f  
e l e c t r i c i t y ,  t o  b e  denoted  by n ( q ) ,  c a n  b e  approximated by 
where K i s  p o s i t i v e  and X n e g a t i v e .  Next,  we assume t h a t  t h e  
f u n c t i o n  i n  e x p r e s s i o n  ( 5 )  i s  g i v e n  by ( c f .  ( 1 0 ) )  
The demand function is then given by 
Taking logarithms, we have 
lnq = lnu K + Xu lnq + u lnx + a lnz + Ins ,(22) 0 1 2 3 
u 6 u 
lnq = - + -  1nx + a 3 1-Xu1 1-Xu 1 7 T q  lnz 
+r 1 -Xu Ins , 1 
71 
where a. = lnao. 
The parameters K and X in (19) will be estimated by 
fitting the equation 
~ n " ( ~ )  = l n ~  + Xlnq , (24) 
obtained by taking logarithms of (19) to the actual rate 
schedule. With K and X obtained from the rate schedule, the 
other parameters in (23) are thereby identified, consistent 
with our earlier statement that calculating average price 
from the rate schedule avoids problems with identification. 
V. Concluding Comments 
I shall close with a few comments regarding the data 
requirements of the model just described. The demands for 
price data are especially severe, since we require knowledge 
of individual rate schedules. And while these are collected 
and published for US electrical utilities by the Federal 
Power Commission, a substantial effort is required to extract 
and tabulate the requisite information. 
As part of our EPRI study, we have undertaken 
construction of the price data set required, and I am happy 
to report that the task is completed. In particular, 
residential rate schedules for each utility in the US for 
1950 through 1973 are now in storage in the Data Resources, 
Inc. data retrieval system, and from these we have 
constructed time series, both annual and quarterly, for a 1 
and a2 as defined in Section 111. 
Since rate schedules vary across utilities (and 
sometimes across communities served by the same utility), it 
has been necessary, in constructing values of al and a2 that 
refer to a state as a whole, to aggregate over rate schedules. 
Our procedure in doing this has been as follows. First, for 
each rate schedule, we isolate on the rate schedule the 
marginal price and intramarginal expenditure that corresponds 
to the mean kwh consumption of the customers subject to the 
schedule. This gives a al and a2 for each schedule. We then 
calculate al and n2 for the state as a whole as a weighted 
average, using customers as weights, of the a1 and n2 for 
each schedule. 17 
170ur procedure for aggregating across rate schedules 
with the average price approach is different than that just 
described. With this approach, we first, construct a rate 
schedule for the state as a whole and then fit equation (24) 
to this schedule. The State schedule is obtained as a weighted 
average of individual rate schedules in the state using the 
number of customers attaching to each schedule as weights. 
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Discuss ion  
Nordhaus 
Taylor  d i s cus sed  t h e  very  impor t an t  and d i f f i c u l t  problem 
of  dec reas ing  b lock  p r i c i n g  and t h e  r e s i d e n t i a l  demand f o r  
e l e c t r i c i t y .  Th i s  i s  a  very  deep paper  a t t a c k i n g  a  very  funda- 
mental  problem which has  plagued t h e  econometr ics  o f  e l e c t r i c i t y  
supply  and demand s i n c e  Benjamin F rank l in .  The fundamental 
d i f f i c u l t y  occu r s  when you have n o n l i n e a r  p r i c e s ,  o r  s t e p s  i n  
your p r i c i n g  r u l e .  Here you do n o t  have only  one good, b u t  
r a t h e r  t h e r e  a r e  d i f f e r e n t  goods, and t h a t  i s  t h e  way t h a t  t h e y  
have t o  be t r e a t e d  formal ly .  I am n o t  a b s o l u t e l y  convinced 
t h a t  Taylor  has  so lved  t h e  problem of t h e  nonconvexi t ies .  Le t  
me j u s t  b r i e f l y  mention f o r  t h o s e  who a r e  more eng inee r ing  
o r i e n t e d  t h a t  what you have i n s t e a d  of  a  convex problem i s  a  
nonconvex problem o r  an i n t e g e r  programming problem; t h e r e  
a r e  no g e n e r a l  s o l u t i o n  techniques  f o r  s o l v i n g  i n t e g e r  program- 
ming problems, s o  I a m  n o t  s u r p r i s e d  t h a t  t h e  i n t e g e r  programming 
problem involved  i n  dec reas ing  block t a r i f f s  poses  very  g r e a t  
d i f f i c u l t i e s  bo th  f o r  i nd ivudua l  consumers and f o r  econometr ic ians .  
Hutber 
J u s t  t h r e e  s h o r t  obse rva t ions .  One i s  t h a t  Taylor  must 
n o t  f o r g e t  t h a t  consumption of e l e c t r i c i t y  has  been very  
heav i ly  t i e d  t o  t h e  app l i ances  purchased s o  you must have t h e  
a p p l i a n c e s  i n  your model--the number of a p p l i a n c e s ,  t h e  t y p e  of 
a p p l i a n c e s ,  and how much they  a r e  used. Once you g e t  an app l i ance  
you always t end  t o  use it even i f  t h e  e l e c t r i c i t y  i s  expensive.  
When it comes t o  r a t e s  I am n o t  t e r r i b l y  f a m i l i a r  wi th  
t h e  American r a t e s ,  b u t  I a m  puzzled  by t h i s  i n t e r m e d i a t e  block.  
I guess  it can r e a l l y  only  be exp la ined  by a  s o r t  of o l d  
fash ioned  i d e a  of premium and nonpremium e l e c t r i c i t y .  We 
used t o  have a  l i g h t i n g  r a t e  i n  t h e  UK y e a r s  ago which s a i d  
t h a t  you had a high premium on your e l e c t r i c i t y  f o r  l i g h t i n g  
and t h i s  i s  a s o r t  of carry-over  from t h a t .  But i f  t h a t  i s  
t h e  reason ,  t h e  a n a l y s i s  i n  te rms  of premium and nonpremium 
e l e c t r i c i t y  i s  a d i f f e r e n t  problem a l t o g e t h e r .  W e  have s t u d i e d  
it f o r  gas  and we have s e p a r a t e  r a t e s  which i s o l a t e  people  who 
a r e  on premium types  of  f u e l  u se  and f u e l  f o r  hea t ing .  That  i s  
t h e  way we d e a l t  wi th  it. 
F i n a l l y ,  I am worr ied  because I do n o t  s e e  t h e  l o g i c  of 
dec reas ing  b lock  t a r i f f s  a p a r t  from t h e  emotive ones  t h a t  you 
should t r y  and conserve your e l e c t r i c i t y  and i n c r e a s e  r a t e s  f o r  
s o c i a l  reasons ;  b u t  I cannot  unders tand  t h e  under ly ing  c o s t  
economies of  it because when you add load  t o  t h e  system it has  
been ou r  exper ience  i n  t h e  UK g e n e r a l l y  speaking  t h a t  t h e  l oad  
comes i n  a t  t h e  low load  f a c t o r  of  t h e  system a s  a whole and 
t h e r e f o r e  t h e r e  i s  no d i s c r i m i n a t i o n .  Q u a n t i t y  does n o t  en- 
t i t l e  you t o  reduce c o s t  on t h e  s c a l e  f a c t o r .  
Waverman 
On t h e  b lock  p r i c e  problem and t h e  p o s s i b i l i t y  of  discon- 
t i n u i t y ,  I cannot  s e e  how aggrega t ion  is a s o l u t i o n  u n l e s s  you 
assume t h a t  a l l  consumers a r e  completely d i s s i m i l a r ,  y e t  f o r  
most of o u r  o t h e r  problems i n  economics we sometimes have t o  
assume t h a t  t hey  a r e  completely i den ' t i c a l  t o  g e t  t h e  s o l u t i o n .  
But i f  a l l  consumers of a l l  households a r e  i d e n t i c a l ,  t hen  t h a t  
agg rega t ion  problem s u r e l y  cannot  s o l v e  t h e  block p r i c e  problem. 
Taylor  
L e t  m e  answer t h e  t h r e e  q u e s t i o n s  from Hutber. The f i r s t  
one concerns  t h e  app l i ance  s t o c k .  That  m a t t e r  is  d i scus sed  
e x p l i c i t l y  i n  t h e  paper .  L e t  m e  j u s t  mention t h a t  t h e  model 
of household demand f o r  e l e c t r i c i t y  d i s t i n g u i s h e s  very  exp l i c -  
i t l y  between sho r t - run  demand and long-run demand. The s h o r t -  
run  demand is  e s s e n t i a l l y  t h e  cho ice  of t h e  u t i l i z a t i o n  r a t e  
of a g iven  s t o c k  of  household app l i ances ,  w i t h  t h a t  s t o c k  be ing  
c o n s t a n t .  I n  t h e  l ong  run t h e  s t o c k  is  v a r i a b l e  and t h e  long- 
run  demand f o r  e l e c t r i c i t y  i s  e s s e n t i a l l y  t h e  demand f o r  t h e  
s t o c k  of  household app l i ances  i t s e l f .  We have some work going 
on and we hope t o  be a b l e  t o  d i s a g g r e g a t e  t h e  household s t o c k  
down t o  e i g h t  o r  t e n  major household app l i ances  and we expec t  
t o  have t h e  demand equa t ion  i n  t h e  long run  f o r  each  of them. 
The model w i l l  have a l l  of t h e  s t a n d a r d  variables-- income,  t h e  
o p p o r t u n i t y  c o s t  of  ho ld ing  t h e  s t o c k ,  p r i c e  of competing 
goods, e t c .  
Now t h e  second and t h i r d  ques t ions :  I have a g r e a t  d e a l  
of d i f f i c u l t y  d i s t i n g u i s h i n g  between them. Le t  me p u t  them 
t o g e t h e r  and f i r s t  l e t  me say  t h a t  I do n o t  want t o  i n  any way 
defend t h e  p r i c i n g  p o l i c i e s  of t h e  US u t i l i t y  i n d u s t r y .  For  
t h e  problem t h a t  I am concerned w i t h ,  t h e s e  p o l i c i e s  a r e  l a r g e l y  
i r r e l e v a n t  because it i s  a f a c t  f o r  t h e  e m p i r i c a l  demand a n a l y s t  
t h a t  t h e  dec reas ing  b lock  s t r u c t u r e  e x i s t s ,  t h a t  t h e r e  i s  n o t  a 
two-part  r a t e  b u t  t h a t  t h e r e  a r e  i n  f a c e  ~ u l t i p a r t  r a t e s  and 
t h a t  i n  o u r  e m p i r i c a l  econometr ic  a n a l y s i s  w e  have t o  be a b l e  
t o  d e a l  w i t h  t h e s e  f a c t s .  Le t  me j u s t  s a y  i n  p a r e n t h e s i s ,  though 
n o t  i n  de fense ,  t h a t  t h e  US u t i l i t y  i n d u s t r y  i s  ve ry  r e l u c t a n t l y  
coming t o  t h e  conclus ion  t h a t  something c a l l e d  marg ina l  c o s t  
p r i c i n g  i n  e l e c t r i c i t y  does e x i s t .  I n  t h e  p a s t  t hey  have 
e s s e n t i a l l y  p r i c e d  s o  a s  t o  cover  t h e i r  c a p i t a l  c o s t .  I n  
a d d i t i o n ,  t hey  were employing t h e  d i s c r i m i n a t i n g  monopolis t  
s o l u t i o n  t o  e x t r a c t i n g  some consumer s u r p l u s  from under  t h e  
demand f u n c t i o n  i n  o r d e r  t o  cover  t h e  c a p i t a l  c o s t  from t h e r e ,  
and i n  t h e  end b locks  t hey  a r e  e s s e n t i a l l y  cover ing  t h e  margina l  
energy c o s t s  of t h e  e l e c t r i c i t y .  
Then on Waverman's q u e s t i o n  on aggrega t ion:  This  i s  
r e a l l y  n o t  covered i n  my paper  f o r  t h i s  Workshop. I t  appears  
i n  a n o t h e r  paper  and t h e  p r i n c i p a l  au tho r  i s  G a i l  W. B l a t t e n b e r g e r .  1 
' s e e  G a i l  W. Bla t t enbe rge r  and L e s t e r  D. Tay lo r ,  "A Theorem on 
Aggregat ion of  Demand Funct ions  When Budget S e t s  a r e  Non-Convex." 
Dynamic Energy Analysis as a Method for 
Predicting Energy Requirement 
Malcolm Slesser 
Introduction 
There are two well developed methods of estimating energy 
demand. One balances demand and supply through price, using 
the elegant methods of economic analysis. The weakness of this 
method lies in its inability to deal with large step changes 
in demand, supply or price; in its inability to deal with 
system lags; with the fact that energy cannot be substituted 
for by anything but energy and that therefore an economic 
balance does not necessarily mean an energy balance. The 
second method takes historical data to relate parameters such 
as GNP to energy use, and by estimating the growth of one 
estimates the growth of the other. Alternately, one may, 
like Weinberg 141, search for upper limits and postulate a 
figure twice the US per capita energy use, and proceed to 
assume that the world could never exceed such a figure, glo- 
bally multiplied. 
A third method is now possible, though means of implemen- 
tation are far from complete. This is the method of energy 
analysis, in which the energy requirements of the factors of 
production are established from real life data, in which the 
interacting parameters are distinguished and separately 
accounted for. 
We all appreciate, when we think about it, that in a 
broad way one may trade energy against such factors as time, 
system centralisation, intensity, haste, space and so on. So 
far, very little analytical work has been published on these 
relationships. We know, for example, the energy that was 
required to produce a Detroit automobile in 1971 [I], but we 
do not yet know how that energy requirement varied with the 
rate of production. We do know how much energy is required to 
make steel from iron ore, what the factor of haste does to 
this process, what technological possibilities exist, and what 
are the thermodynamic upper limits to the economy of energy. 
In fact, piecemeal we know a great deal, but we have yet to 
assemble enough of the whole to make a proper estimate of the 
energy requirements for our society as it develops. 
What I propose to do here is simply to demonstrate the 
way in which energy analysis can be used to assess energy 
- 
requirement--as opposed to demand. Because of my involvement 
in .the analysis of energy and space through the food production 
sector, the model I am going to present will estimate the 
energy requirement for food production in the enlarged (nine 
country) EEC territory. I do not even vouch that the para- 
meters I have inserted are absolutely correct, but I can say 
they are not absolutely incorrect. My purpose is to present 
a method, not to make a prediction upon data which are still 
rudimentary. If I convince you of the method, then we have 
armies of competent people able to assemble the necessary 
data and causal relationships. 
Model 
First, we need a model of the economy. Such a model for 
the food sector is depicted in Figure 1. Note that I have 
aggregated all the land, all the people, averaged their per 
capita GNP, and thus their eating habits. If you argue that 
this is carrying aggregation too far, you may as well argue 
that the common agricultural policy (CAP) of the EEC is itself 
too aggregate. In any event it is a simple matter to break 
the model into national sectors, and then aggregate the results. 
Table 1 lists the statements in the computer program used. 
We start with the supposition of a fixed amount of agri- 
cultural land, GA, which is slowly being eaten into by the 

Table 1. Gross energy requirement illustrative model. 
* GROSS ENERGY R E Q U I R E M E N T  I L L U S T R A T I V E  MODEL 
NOTE FOOD SECTOR ECONOMIC GROWTH TERY EXOGENOUS 
NOTE D A T A  1s FOR ENLARGED ( N I N E )  EEC 
C P O P O = 2 5 4 . 9 5 7 E 6  P O P U L A T I O N N  AT I N I T I A L  T I M E  
C A G L r 9 9 . 0 7 E 6  A G R I C U L T U R A L  L A N D  AREA, HECTARES I N I T I A L  T I M E  
C G T 0 = 8 4 3 . 6 3 8 E 9  GNP I N I T I A L  T I M E  I N  US D O L L A R S  
C ~ A = 1 5 ? ; 8 7 6 E 6  TOTAL AREA OF EEC TERRITORY,  HECTARES 
C A T 3 = 2 5  I I P L A N N E D  E C O N O M I C  GROWTH R A T E  
N T I M E = 1 9 7 2  I N I T I A L  T I M E  
N GT=GTO 
N POP=POpO 
L POP.K=POP.J+(OT)(BR.JK-OReJK) P O P U L A T I O N  
R BR.KL=POP.K/ATl.K B I R T H  R A T E  
A A T ~ . K = T A H H L ( B R M , G . K ~ ~ , I ~ M @ , ~ ~ B )  B I R T H  R A T E  FACTOR 
T B R ~ = 2 0 / 2 0 / 2 4 / 2 9 / 3 2 / 3 6 / 3 8 / 4 2 / 4 5 / 5 0 / 5 3 / 5 6 / 5 9 / 6 1 / 6 3 / 6 5 / 6 6 / 6 7 / 6 9  
R D R . K L = P O P . K / A T ~ ~ K  DEATH R A T E  
A A T ~ . K = T A R H L ( D R M , € D . K I . B ~ ~ . ~ ~ ~ . B ~ ~  D E A T H  RATE FACTOR ON E D  
T D R ~ = 3 0 / 3 3 / 4 3 / 5 1 / 6 0 / 6 7 / 7 5 / 8 1 ~ 8 6 / 9 0 / 9 O / 9 0 / 9 0 / 9 0 / 9 0 / 9 0 ~ 9 0  
NOTE L A N D  A V A I L A B L E  FOR FOOD P R O D U C T I O N  
C L U s . 0 4  L A N D  CONSUMED PER E X T R A  I N H A B I T A N T  
A LAND.K=(POP.K-POPO)*LU LAND REQUIRED DOR DOMESTIC AND I N D U S T R I A L  use 
A N A G L . K = A G L - L A N D ~ K  NET L A N D  A V A I L A B L E  FOR A G R I C U L U T U R E  
A AA,K=NAGL.K/POP;K A G R I C U L U T U R A L  AREA A V A I L A B L E  PER C A P I T A  
NOTE EXOGENOUS ECONOMIC GRflWTH R A T E  
L CT,K=GT.J+(DTl(HOG.JK) GROSS N A T I O N A L  PRODUCT, U s  D O L L A R S  
R ROG.KL=GT.K/AT3 R A T E  OF GNP GROWTH 
A GeK=GT,K/POP,K PER C A P I T A  GNP 
NOTE ENFRGY P R E D I C T I O N  THROUGH GNP 
A E C e K = ( . B 0 0 1 7 ) * G . K * ( L O G ~ [ G . K H  BROOKES FUNCTXON 
A TEC.K=tC.K*POP.K TCE CONSUMPTION B A S E D  ON GNP P R E D I C T I O N  
NOTE ENERGY D E N S I T Y  
NOTE FNERGY FOR FOODTO FARM G A T E  
A EFeK=T~BLE(EFF,AA,K I .85 , ;6 , .05 )  M I N I M U M  ENERGY PER C A P  FOOD TO FAR- 
T ~ F ~ = 1 / , 1 9 / ; 0 9 / . 0 6 7 / . 0 5 5 / , 8 4 3 / . 0 3 7 / , 8 3 3 / , 0 ~ 1 ~ ~ 0 3 ~ ~ 0 2 9 ~ ~ , 0 2 9  
NOTE ENERGY FOR FOOD TO CONSUHER 
A ED,K=TEC.K/GA ENERGY D E N S I T Y ,  T C E I H E C T A R E  
A S I H . K = T A B H ~ ( S I M T ~ E D ~ K t l ~ 1 3 f 2 )  SYSTEM I N T E N S I F I C A T I O N  M U L T X P L I E R  
T SINT=.85/1.2/1.5/1.8/2.2/2.4/2.7 
A FPPM.K=TABHL(FPPMT,G.K,1000t700B~l000 l  FOOD P R O C E S S I N G  M U L T I P L I E R  
T F P P M T = 1 / 1 . 2 / 1 . 4 5 / 1 , 7 / 2 / 2 ~ 2 I 2 ~ 4  
A GERFC.K=EF,K*SIH,K*FPPH,K ENERGY REQUIRMENT FOOD TO CONSUMER 
A TGERF.K=G€RFC.K*POP.K T O T A A L  ENERGY REQUIREMENT FOR FOOD I N  11" EEC 
A FEF.K=TGERF,K/TEC.K F R A C T I O N  T O T A L  ENERGY DEVOTEDTO FOOD 
NOTE S P E C I F I C A T I O N  
SPEC L E N c T H = ~ ~ ~ Q / D T = . ~ / P R T P E R = ~ / P L T P E R = ~ +  
P L O T  T G E R F = T ( ~ ~ ~ ~ ~ ) / E F = F ( ~ ~ . ~ ~ ) / A A E A ( . ~ ~ ~ ~ I / P O P ~ P ( ~ E ~ ~ ~ E ~ ) / G ? G ( ~ E ~ ~ ~ @ E ~ ~  
P R I N T  EF,S IM~FPPHIGEHFCITCERFIFEF~AA~G,POP 
HUN 
twin factors of population growth, POP, with its need for a 
domestic infrastructure, and industrial growth. Using typical 
UK data, I have assumed that 0.04 hectares of land is sequestered 
for those purposes in the interests of every additional member 
of the EEC population, and that all this land comes from 
agricultural land--that.is, land that is arable or high quality 
pasture. Let us now assume that the EEC wishes to be self- 
sufficient in food, other than in tropical products. The energy 
requirements for food production has been estimated by the 
methods of energy analysis [3], and found to depend upon two 
factors: the quality of the diet and the amount of land avail- 
able per capita (see Figure 2). The diet, according to Mr. 
J.-P. Charpentier of the International Institute for Applied 
Systems Analysis (IIASA) is a function of the income level. 
Beyond a certain level, increases in energy use result not 
from eating more meat but from eating more processed or pack- 
aged food. The model therefore shows a multiplier term to 
account for this (FPPM). The multiplier term is somewhat 
arbitrary, since it is based on limited data (.see Table 2). 
Table 2. Energy to provide food to consumers. 
Source: M. Slesser, XXV Conference Latin American Series, Guatamala, 1974. 
''This allows for the fact that 40% of the food is imported. 
GNP/ 
cap 
US $ 
3,150 
2,500 
2,500 
1,650 
1,300 
Additional 
energy to 
reach con- 
sumer 
GJ/cap 
18 
6 
6 
? 
6 
Population 
density 
People/km 2 
2 0 
226 
2 
149 
248 
Energy to 
farm gate 
GJ/cap 
10 
lo1) 
4 
12 
2 
country 
USA 
UK 
Australia 
Israel 
FRG 
Year 
of 
date 
1963 
1972 
1965/9 
1969/70 
1960 
Source :  S l e s s e r  [ 3 1 ,  p. 1193. 
\ 20 kg an i rna l / f i sh /mi lk  p r o t e i n  
\'lo kg v e g e t a b l e / i n d u s t r i a l  p r o t e i n  produced p e r  pe r son  p e r  
\ 
\ 
\ 
\ 
30 kg v e g a t a b l e  o r  
i n d u s t r i a l  p r o t e i n  
produced p e r  p e r s o n  
p e r  y e a r  
y e a r  
F i g u r e  2. A g r i c u l t u r a l  l a n d  p e r  p e r s o n  ( h a / c a p i t a )  : 
energy  i n t e n s i t y  f o r  s e l f - s u f f i c i e n c y  i n  food .  
Since the model is dynamic, it must have a driving function. 
There are two. There is the internal driving function of popula- 
tion growth, whose birth and death rate's are related, and the 
external driving function of GNP growth, GNP/capita, and energy 
density. Both these parameters are depicted in Figures 3 and 4. 
Energy Analysis 
Energy analysis, formerly called energy accounting or 
energy budgeting, was given rigorous formulation at the August 
1973 workshop run by the International Federation of Institutes 
for Advanced Study (IFIAS) [ 2 ] .  What energy analysis sets out 
to do is to assess the energy that has to be sequestered from 
the global stock in order to make a given good or service 
available. It takes account of such factors as the energy 
requirement for energy, namely the fact that of a barrel of 
oil leaving an oil well, several percent of that barrel will 
have to go for providing the capital and exploration invest- 
ment for the next oil well, for pumping of the oil to the 
point of shipment, for refining and finally for conveying 
the oil to the consumer. Possibly 20% of the barrel vanishes 
along the way. Energy analysts use a measure called the Gross 
Energy Requirement (GER), and like to express it as so many 
mega joules per kilogramme of product or unit of service. 
Clearly there is no absolute value that can be obtained by 
looking up a table and various methods of arriving at values 
have been developed. 
What must be made clear is that the IFIAS workshop did 
nothing more than close in on a methodology and a set of 
conventions. What is to be made of the methodology is still 
to be determined, and to this end IFIAS are holding a second 
workshop to examine the interface between energy and economic 
analysis in June 1975.  


Model Dynamics 
Were the entire economy being modelled, then the driving 
function(s) would be integral, and given initial conditions 
would set the model in motion. Since in the example presented 
at this time, only the food sector is being modelled, an 
external driving function is needed. This driving function is 
taken as the anticipated GNP growth factor, with all its faults 
and uncertainties. Since our concern is demonstration of a 
method, not prediction, I trust this loose coupling will be 
accepted for what it is. 
Sensitivity Testing 
The chosen rate-of GNP growth has a second order effect 
on energy requirements for food in a developed economy. 
Model Results 
Figure 5  and Table 3 depict the model results, which are 
exceptionally simple. The total energy requirement (GER) for 
the food production sector rises from an estimated 2 5 . 8  mtce 
in 1 9 7 2  to sixty-seven mtce by the year 1 9 9 9 .  An additional 
value of this method is that it identifies so clearly why the 
energy need has risen with time. It is largely because of the 
diminishing quantity of agricultural land per capita (AA) and 
the increasing emphasis on food processing. 
The interpreter or policy maker who does not like these 
factors can then consider what should be done about it: land 
reclamation, a campaign for fresh food, incentives to grow 
food in the garden, and so on. 
Interpretation 
The interpretation of a model of this type should be 
accompanied by a regional disaggregation. For example, in the 
agricultural sector the land available per capita in England 
is about . 2 1  hectares, while that in France is closer to 0.5 
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Table 3. Gross energy requirement illustrative model. 
FPPM 
E+OO 
1.5272 
1.5580 
1.5898 
1.6229 
1.6571 
1.6927 
1.7354 
1.7813 
1.8289 
1.8782 
1.9294 
1.9825 
2.0250 
2.0631 
2.1025 
2.1435 
2.1859 
2.2300 
2.2757 
2.3230 
2.3722 
2.4000 
2.4000 
2.4000 
2.4000 
2.4000 
2.4000 
2.4000 
GERFC 
E+OO 
.09948 
.lo548 
.11191 
.I1880 
.I2576 
.I3128 
.I3761 
,14449 
.15181 
.I6068 
.I7077 
.18162 
.19208 
.I9712 
.20152 
.20608 
.21082 
,21572 
.22081 
-22609 
.23157 
.23498 
.23568 
.23638 
.23707 
.23776 
.23845 
.23914 
TGERF 
E+06 
25.362 
26.983 
28.725 
30.598 
32.499 
34.041 
35.805 
37.720 
39.766 
42.232 
45.037 
48.058 
50.999 
52.515 
53.869 
55.275 
56.736 
58.253 
59.829 
61.466 
63.168 
64.318 
64.727 
65.138 
65.550 
65.963 
66.378 
66.794 
FEF 
E-03 
21.820 
22.209 
22.618 
23.048 
23.420 
23.469 
23.617 
23.805 
24.011 
24.398 
24.895 
25.418 
25.809 
25.430 
24.961 
24.508 
24.072 
23.651 
23.245 
22.854 
22.476 
21.901 
21.093 
20.314 
19.565 
18.843 
18.147 
17.477 
POP 
E+06 
254.96 
255.82 
256.69 
257.56 
258.43 
259.30 
260.18 
261.0'6 
261.95 
262.83 
263.72 
264.62 
265.51 
266.41 
267.31 
268.22 
269.13 
270.04 
270.95 
271.87 
272.79 
273.71 
274.64 
275.57 
276.50 
277.43 
278.37 
279.31 
hectares. The application of averages to the entire EEC 
territory (.38) would put the agriculture of intensive areas 
like England at a comparative disadvantage compared to less 
intensive areas such as France. By less intensive is meant 
areas which can produce the same output per capita for less 
input. 
Total System Modelling 
The energy analysis method allows one to make a total 
system model of a given economy by establishing the feedback loops 
to maintain energy balance. Energy reaches an economy in two 
forms, as prime energy or as embodied in imports. It leaves 
the economy as exported energy, prime or secondary, plus exports. 
In the case of the developed countries, exporting prime energy 
is not a likely phenomenon. Exporting energy in the form of 
goods and services is a major part of their activities. 
Figure 6 depicts a possible causal loop diagram for an 
economy modelled in energy analytic terms. The model must seek 
to utilise the parameters of land area, agricultural area and 
numbers of people, and relate these through the relationships 
of energy and space, energy and time, and energy per capita. 
The model must consider industrial development and construction 
of energy producing systems as a matter of energy investment. 
Thus, according to the energy source, there are energy require- 
ments for energy, both in capital and maintenance terms, and 
energy requirements for industrial development, land reclama- 
tion, energy conservation, housebuilding and so on. In addition 
there are the (yet to be clearly identified) gearing factors 
of system intensification, haste of production, centralisation 
and devolution. 
The economy must operate upon an energy balance. Either 
the economy invests in its own internal energy producing sys- 
tems or it invests in industrial systems to make goods to buy 
imported energy or it declines. Till recently, developed 
economies were clever at imparting value added to raw materials, 
impact 
food production and  population 
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land 
t 
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and hence found it expedient to buy in energy. OPEC has shown 
that the balance of these options has altered. 
For both strategic and economic reasons there is a move 
away from that situation, and eventually a time will come 
when fossil energy may not be available for import, and countries 
are tied by availability of low grade uranium or sunshine. It 
is surely the transition from the present situation towards 
that future situation that must exercise the minds of those 
planning future energy requirement with its comparative factors 
of supply and demand. 
One may ask what is the internal driving function of the 
model so roughly depicted in Figure 6. To answer this one must 
join forces with those involved in economic analysis. Because 
the other key factor in the real world is people, and their 
needs, and hence their demands, coupled to their ability 
through their skills to match these demands. I question whether 
any model, of the type presented here or of an econometric 
type can answer the whole question. Both play an essential 
role, and the role of the Energy Analytic Model is to test the 
viability, in energy terms, of the econometric models. This 
is so given that an energy analytic model can test the scenario, 
and test a wide number of variations based upon the perceived 
objective of the country at some time in the future. 
To take a crude example, Figure 7 depicts the outcome of 
the current scenario for the UK modelled dynamically. The energy 
growth has been allowed to expand at the EEC forecast of 3.8%, 
the proposed CEGB programme of nuclear reactor construction 
has been allowed to proceed, and the British Petroleum Company's 
forecast of North Sea oil production in the English and Scottish 
sectors has been superimposed. We see that far from having a 
rosy energy future, such a scenario drops the UK into a rapidly 
widening energy gap by 1988. There are other scenarios which 
could close this gap and provide a stable energy future, but 
they have no part in this paper. 
F i g u r e  7 .  t lodel  of  B r i t i s h  e n e r g y  dynamics .  
Conclusion 
Energy analysis can provide a means of determining energy 
need or requirement, and when modelled in a dynamic form can 
test the energy consistency of the scenarios evolved by econo- 
metric methods. However, the data for such modelling is far 
from adequately developed. There is a need for studies to 
relate energy with space, with time, with intensification, with 
system centralisation, with scale of production. There is a 
need for information on the energy investment per unit of out- 
put whether it be cars or energy itself. This paper merely 
seeks to open up an avenue of thought, not to present to the 
outcome of a detailed and thorough study. 
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Discuss ion  
Nordhaus 
On t h e  work of S l e s s e r ,  it seems t o  me t h a t  t h i s  is t o  be  
i n t e r p r e t e d  a s  an input -output  a n a l y s i s  w i t h  s p e c i a l  a t t e n t i o n  
t o  t h e  energy s e c t o r .  Why pay s o  much a t t e n t i o n  t o  energy and 
n o t  t o  l a b o r ,  c a p i t a l ,  and ba lance  of payments, t o  t h e  z i n c  
c o n s t r a i n t s ,  t o  t h e  copper c o n s t r a i n t s ,  t o  t h e  a i r  c o n s t r a i n t s ?  
I t h i n k  t h a t  t h e r e  is a  burden of proof on t h e  i n v e s t i g a t o r  t o  
show t h a t  t h e  energy c o n s t a n t  i s  i n  some sense  a  fundamental 
c o n s t r a i n t  t o  look a t ;  o r  maybe we should  look a t  them a l l .  
The reason  t o  look a t  energy cannot  r e f e r  t o  t h e  a b i l i t y  t o  r e -  
cyc l e .  We cannot  r e c y c l e  l a b o r  s e r v i c e s ,  o r  c a p i t a l  s e r v i c e s  o r  
performances of  t h e  Vienna Opera, s o  it cannot  s imply be  t h e  non- 
r e c y c l a b i l i t y  of energy.  There i s  no j u s t i f i c a t i o n  i n  t h i s  paper  
o r  i n  o t h e r  pape r s  i n  t h i s  a r e a  f o r  t h e  thought  t h a t  t h e r e  i s  a  
s p e c i a l  normative s i g n i f i c a n c e  t o  t h e  energy c o n t e n t  which can 
be  c a l l e d  a  BTU t heo ry  of  va lue .  There is no proof t h a t  t h e  
energy con ten t  of a  good is  i n  some sense  t h e  b e s t  s i n g l e  i n d i -  
c a t o r  of t h e  s o c i a l  s c a r c i t y  of  t h a t  good, r a t h e r  t han  a  l a b o r  
c o n t e n t ,  o r  t h e  c a p i t a l  con ten t ,  o r  t h e  d i r e c t  and i n d i r e c t  
c o n t e n t  of  t h e  Vienna Opera i n  t h a t  p a r t i c u l a r  good. 
Newlon 
On t h e  S l e s s e r  paper ,  I looked f o r  an exp lana t ion  of why 
you need t o  c o n c e n t r a t e  on t h e  energy ba lance  i n s t e a d  of t h e  
economic ba lance .  I was puzz led  by some of  t h e  sweeping s t a t e -  
ments on t h e  f i r s t  page of S l e s s e r ' s  paper  and p a r t i c u l a r l y  I 
noted  a  s t a t emen t  t h a t  energy cannot  be  s u b s t i t u t e d  f o r  any th ing  
b u t  energy.  I can conceive of  a  product ion  f u n c t i o n  f o r  a g r i -  
c u l t u r e  where t h e  fa rmer  can s u b s t i t u t e  l a n d  f o r  energy by 
s h i f t i n g  t o  an a g r i c u l t u r a l  p roces s  t h a t  u se s  more l and  and 
l e s s  energy- in tens ive  f e r t i l i z e r .  
Hafele 
I would like to supplement this by saying that from study- 
ing some production functions in the Energy Group it became 
fairly obvious that information and education can be considered 
substitutes for energy. 
Khazzoom 
I wanted to ask Slesser whether, in the system that he 
envisions, electricity can be produced other than as a factor 
of production. Why would final demand for electricity be 
satisfied at all? It is a net loser of energy obviously; why 
would the system produce it? 
Slesser 
I said at the outset that a tremendous amount depends on 
one's perception of the energy in the economic system. The 
perceptions just expressed appear to be significantly different 
from mine. I would like to say right at the outset that I pro- 
pose no BTU theory of value, that is, a joule theor-v of value. 
Labor and energy represent the ultimate inputs. Capital is 
simply prior investment of energy and labor. I do not think 
that anybody can dispute that the only thing in limitation on 
this planet is thermodynamic potential. It is the only thing 
that cannot be recycled. If you have access to thermodynamic 
potential you can in fact recycle or produce virtually everything. 
I will try to say something in the very short time I have. 
First of all, we recognize that energy does two things: we 
have to distinguish the energy required for work (in the engi- 
neering sense) purposes from the energy required for heat pur- 
poses, and I think our demand modelling ought to reflect this. 
Second, I have found to my surprise there is remarkably little 
information available on how much energy is consumed as work, and 
how much is simply wasted. Taking Newlon's question--the example 
of land--would he not accept that there is a finite amount of 
land on the earth, that there is a finite nunber of people, and 
t h a t  t hey  a r e g r o w i n g i n  number? Therefore  we r e a l l y  do n o t  have 
t h e  o p t i o n  you mentioned, t h a t  is t o  s a y ,  t o  farm more l and  less 
i n t e n s i v e l y .  The only  o p t i o n  you have is farming t h e  l and  more 
i n t e n s i v e l y .  But,  o f  cou r se ,  t h e r e  i s  a  r e l a t i o n  between l and  
and energy ,  a s  I have shown elsewhere.  (See M. S l e s s e r ,  Jou rna l  
o f  t h e  Sc ience  of  Food and A g r i c u l t u r e ,  2 (19731, 1193-1207.) 
Par ikh  
I f  you farm i n  o u t e r  space ,  you have a  l o t  more land  t o  
farm. 
S l e s s e r  
Yes, b u t  i f  you r e a d  any s o r t  o f  energy a n a l y s i s  on t h e  
c o s t  of g e t t i n g  t o  o u t e r  space  you can s e e  t h a t  it does  n o t  
r e p r e s e n t  any meaningful s o l u t i o n  f o r  t h e  next  cen tu ry .  
Problems of Enerav Demand Analysis 
P. S. Tsvetanov and W. D. Nordhaus 
Demand is one of the principal variables linking energy 
systems with a society. Different indicators, causal factors, 
and methods currently used in the field of energy demand have 
been discussed at the IIASA Workshop on Energy   em and.' The 
following is a brief review of the work being done in IIASA on 
energy demand. 
1. ~conometric Models 
The first direction for our review concerns some 
conceptional problems of energy demand as a derived and final 
demand. This type of demand implies that the important 
factors will be both those factors determining the demand for 
final products and those factors between the competing inputs 
of the productive process. The technique outlined in this 
study specifies the way in which demand and technology 
interact so as to give a final derived demand for energy 
inputs. The bases for the estimates are the production 
function and the preference function for final goods. The 
detailed results are given in the paper prepared for this 
Workshop by W.D. Nordhaus [8]. A subsequent development of 
this general approach to energy demand is given in the second 
part of this paper. 
The second direction for our review is a series of studies 
emphasizing econometric analysis of energy demand (see 
Nordhaus [81, Tsvetanov [9]). The studies cover some 
characteristic countries or groups of countries: the USA; 
several countries of Western Europe (Belgium, France, the FRG, 
Italy, Netherlands, the UK); the USSR and some countries of 
'workshop on Energy Demand, May 22-23, 1975, Laxenburg, 
Austria, International Institute for Applied Systems Analysis. 
Eastern Europe; Japan; and some developing countries. The 
coverage of this analysis, which includes Eastern European 
countries, constitutes an extension in coverage over the 
international estimates made up to now in the field of 
energy analysis. 
In the first step we suggest that the scope of the work 
covers the aggregate energy demand and the energy demand in 
the individual consumer sectors: energy, transport, industry 
except energy, and commercial-residential sectors estimated 
for different countries as functions of income, price, 
population, and other determining factors. The cross-section 
analysis and the pooling of individual countries, having the 
same preference functions and production functions, are the 
second step of this work. But this international approach 
causes some problems, and so let us review them next. 
1) The gathering of adequate data is one of the most 
crucial and difficult tasks. The prices and the consumption 
of different fuels are not available or incomplete for some 
countries. On the other hand, the regression analysis needs 
a larger number of initial variables than those usually used 
in many of the models of energy demand. 
2) In many empirical studies, a constant elasticity 
model is specified: 
Although the constant elasticity model is a useful first step, 
it is desirable to allow variable elasticities. For the 
purposes of the cross-section analysis a variable elasticity 
model (VEM) was chosen to allow for some degree of 
heterogeneity between countries. In the VEM the value of 
the elasticity for a particular factor depends on the level 
of the factor. 
3 )  The c o r r e c t  s p e c i f i c a t i o n s  of t h e  model should a l s o  
a l low f o r  t h e  g radua l  ad jus tment  of demand through t ime ,  i n  
response  t o  changes i n  t h e  c a u s a l  f a c t o r s .  Th i s  lagged 
response  a f f e c t s  t h e  r e l a t i o n s h i p s  between t h e  u se  of f u e l  
and t h e  e x i s t i n g  s t o c k s  of equipment and app l i ances .  The 
s i z e  of t h e s e  s t o c k s  depends on p a s t  a s  w e l l  a s  c u r r e n t  
d e c i s i o n s  and consequently on t h e  p a s t  and c u r r e n t  l e v e l  of 
exp lana to ry  f a c t o r s .  Two main d i f f i c u l t i e s  a r i s e  i n  t h e  
s t u d i e s .  F i r s t ,  t h e  t ime response  i s  q u i t e  long ( f i v e  t o  
t e n  y e a r s )  w i th  r e s p e c t  t o  t h e  sample pe r iods  f o r  a n  
i n d i v i d u a l  count ry  ( f i f t e e n  t o  twenty y e a r s ) .  Second, t h e  
cho ice  of t h e  l a g  s t r u c t u r e  i s  a  d i f f i c u l t  problem connected 
wi th  t h e  l a g  of a l l  v a r i a b l e s ,  t h e  a u t o c o r r e l a t i o n s  between 
t h e  e r r o r s ,  r e l a t i o n s h i p s  between t h e  l eng th  of t h e  l a g  and 
t h e  degree  of t h e  polynomial,  e t c .  A s imple  s p e c i f i c a t i o n  is  
t h e  geometr ic  l a g  s t r u c t u r e  i n  which bo th  sho r t - run  
e l a s t i c i t i e s  ( response  i n  t h e  c u r r e n t  t ime pe r iod )  and 
long-run e l a s t i c i t i e s  ( response  when complete l a g  i s  al lowed) 
a r e  e s t ima ted .  I t  is  t h e  long-run e l a s t i c i t i e s ,  however, t h a t  
have t h e  most d i r e c t  bea r ing  on t h e  growth of demand. 
Such a  model cou ld  be t h e  fo l lowing:  
where t h e  shor t - run  e l a s t i c i t y  f o r  v  is  ( a n  - yn /vn ) ,  long- n  
run  e l a s t i c i t y  f o r  vn is ( a n  - yn/vn) / ( l -XI ,  and 
i denotes  t h e  ith count ry ;  
t h  t deno te s  t h e  t yea r ;  
B i t  i s  t h e  q u a n t i t y  of  energy demand; 
v  is  t h e  l e v e l  o f  nth f a c t o r  such a s  n  
income, p r i c e ,  popula t ion ,  e t c . ;  and 
A ,  a,, yn a r e  unknown parameters .  
Some results we hope to obtain from this work include: 
a) estimates for short-run and long-run elasticities 
for different factors for national studies; 
b) the relationship between long-run elasticities and 
the independent variables in these countries; and 
C) recommended models for short-run and medium-run 
forecasting of energy demands for different groups 
of countries. 
From the beginning, we have been able to obtain 
preliminary results from data mainly for countries in 
Western Europe. Some results of the analysis are given in 
Nordhaus [ a ] .  For the cccrtries of Eastern Europe, 
including the USSR, we have started collecting available 
data and making preliminary analysis of the factors and the 
methods of forecasting. This work is in progress. The 
cooperation with the national institutes in this field 
would be very fruitful. 
2. Engineering Approach to the Energy Demand 
The second line of research in the field of energy 
demand in IIASA is an engineering approach very close to 
the problem of energy budget and knergy content in different 
goods: How much energy is needed for producing a car, 
a house, or a meal of 3,000 Kcal, etc. This basic information 
will be used later on in order to obtain the qualitative 
scenarios. Detailed methods and results on this question are 
to be found in the Workshop paper of J.-P. Charpentier [2]. 
3. Energy Demand in Energy Sector Models 
In addition to investigations of the exact form of energy 
demand functions and conditional projections of demand, the 
other task of energy demand studies is to provide a 
fundamental building block in the development of sectoral 
energy models. Side by side with the snpply (or technological) 
i n v e s t i g a t i o n s ,  energy  demand models  p r o v i d e  t h e  n e c e s s a r y  
i n f o r m a t i o n  t o  a n a l y z e  t h e  f u t u r e  development  of  o v e r a l l  
energy  b a l a n c e s ,  u t i l i z a t i o n ,  and p o l i c y  a n a l y s i s .  I n  t h e  
f o l l o w i n g  we w i l l  d e s c r i b e  how e n e r g y  demand s t u d i e s  f i t  i n t o  
d i f f e r e n t  o v e r a l l  a n a l y s i s  a t  IIASA and e l s e w h e r e .  
3.1 Role o f  Econometr ic  Model l ing  i n  O v e r a l l  Models 
B e f o r e  d e s c r i b i n g  t h e  q u e s t i o n  o f  i n d i v i d u a l  p r o j e c t s ,  
it i s  u s e f u l  t o  rev iew t h e  q u e s t i o n  o f  t h e  r e l a t i o n s h i p  
between t e c h n o l o g y ,  demand f u n c t i o n s ,  and p r e f e r e n c e  
f u n c t i o n s .  C o n s i d e r  a n  economy w i t h  n  produced goods ,  and 
m non-produced goods o f  which ( x l ,  ..., xk)  i s  t h e  v e c t o r  o f  
g r o s s  o u t p u t s ,  w h i l e  ( q l ,  . . . , q  ,) i s  t h e  v e c t o r  o f  f i n a l  demands, 
and ( r l  , . . . , r  ) i s  a  v e c t o r  o f  r e s o u r c e  endowments o r  
m 
non-produced goods. 
To keep t h e  d i s c u s s i o n  s i m p l e ,  we assume t h a t  t h e  
t e c h n o l o g y  c a n  b e  r e p r e s e n t e d  by l i n e a r  i n e q u a l i t i e s  which 
r e l a t e  t h e  f i n a l  demands t o  g r o s s  o u t p u t s  and  r e s o u r c e  
endowments. Thus we have 
where t h e  i n e q u a l i t i e s  r e p r e s e n t  t h e  c o n s t r a i n t s  under  which 
t h e  economy o r  r e g i o n  must o p e r a t e .  
I n  a d d i t i o n ,  t h e r e  i s  a  p r e f e r e n c e  f u n c t i o n  f o r  t h e  
economy. The p r e f e r e n c e  f u n c t i o n  may s imply  b e  t h e  marke t  
demand f u n c t i o n s  i n  t h e  c a s e  o f  a  market  economy, o r  t h e  
p l a n  i n  t h e  c a s e  of  a  p lanned  economy, o r  some m i x t u r e  o f  
t h e  two i n  a  mixed economy. The economic problem c a n  be 
s e e n  a s  maximizing t h e  p r e f e r e n c e  f u n c t i o n  U ( q l  , . . . , q n )  
s u b j e c t  t o  t h e  c o n s t r a i n t s  of  t h e  t echnology:  
max U(q , ,  . -. ,qn)  
s u b j e c t  t o  
When cons ide r ing  t h e  p re fe rence  f u n c t i o n  f o r  an  
i n d i v i d u a l  s e c t o r ,  such a s  t h e  energy s e c t o r ,  it i s  impor tan t  
t o  n o t e  t h a t  de t e rmina t ion  of t h e  p re fe rence  f u n c t i o n  is  one 
of t h e  most d i f f i c u l t  p a r t s  of t h e  problem i n  p r o j e c t i n g  
f u t u r e  r e sou rce  needs o r  i n  making p o l i c y  a n a l y s i s .  I n  both 
planned and unplanned economies, t h e  p re fe rence  f u n c t i o n  
r e f l e c t s  t h e  r e l a t i v e  v a l u a t i o n  ( o r  t r a d e - o f f )  between 
d i f f e r e n t  f i n a l  goods t h a t  t h e  economy can  produce, and 
d i f f e r e n c e s  i n  t h e  t r ade -o f f  w i l l  l e a d  t o  q u i t e  d i f f e r e n t  
p a t t e r n s  of r e sou rce  u t i l i z a t i o n .  Two impor tan t  f i n a l  goods 
which may have d i f f e r e n t  r e l a t i v e  v a l u a t i o n  i n  d i f f e r e n t  
economies a r e  t h e  v a l u e  of environmental  q u a l i t y  and t h e  va lue  
of energy consumption. Depending on t h e i r  r e l a t i v e  v a l u a t i o n ,  
ve ry  d i f f e r e n t  r e s u l t s  w i l l  be found f o r  t h e  u t i l i z a t i o n  of 
d i f f e r e n t  t e chno log ie s ,  f o r  c o n t r o l s  on emiss ions ,  o r  f o r  
l o c a t i o n  of i n d u s t r y .  I t  should a l s o  be emphasized t h a t  t h e  
p r e f e r e n c e  f u n c t i o n  i s  n o t  a  " s c i e n t i f i c "  q u e s t i o n  bu t  a  
problem of v a l u e s ,  o r  " t r ans - sc i ence"  a s  it has  sometimes 
been c a l l e d .  
Log ica l ly ,  t h e  de t e rmina t ion  of  t h e  p re fe rence  f u n c t i o n  
is  q u i t e  d i f f e r e n t  f o r  goods which a r e  a l l o c a t e d  by p r i c e s  
and f o r  goods which a r e  a l l o c a t e d  by c e n t r a l  p lanning .  Most 
econometr ic  work, such a s  t h a t  of Nordhaus [81  c i t e d  above, 
c o n s i d e r s  t h e  de t e rmina t ion  of p re fe rence  f u n c t i o n s  f o r  goods 
which a r e  a l l o c a t e d  by p r i c e s .  I n  t h i s  c a s e ,  i n d i v i d u a l  
consumers o r  f i rms  make d e c i s i o n s  on t h e  b a s i s  of r e l a t i v e  
p r i c e s  on t h e  one hand and r e l a t i v e  p r o d u c t i v i t i e s  o r  r e l a t i v e  
preference  on t h e  o the r .  By using t h e  theory of consumer o r  
f i rm decis ion making, t h e  ob jec t ive  information on p r i c e s  
and q u a n t i t i e s  can be mathematically in tegra ted  t o  determine 
t h e  preference  funct ions  of t h e  economic agents .  I n  t h i s  
case ,  it i s  usefu l  t o  consider t h e  preference func t ions  so  
obtained a s  t h e  aggregate of ind iv idua l  preference func t ions  
f o r  t h e s e  goods. Under t h e  a l l o c a t i v e  r u l e s  of a  market 
economy, these  preference  funct ions  a r e  then t h e  appropr ia te  
preference  funct ion t o  use i n  dec i s ion  making. 
Thus, f o r  market economies, agents  of t h e  economy have 
preference  funct ions  over t h e i r  consumption goods. Given t h e  
r e l a t i v e  p r i c e s ,  incomes, a s  well  a s  t ax  and i n s t i t u t i o n a l  
s t r u c t u r e ,  t h e  agent then has a  budget c o n s t r a i n t  which it 
must r e spec t .  We can then assume t h a t  agents  f i n d  t h e  most 
p re fe r red  bundle of commodities s u b j e c t  t o  t h e  budget 
c o n s t r a i n t .  This process determines a  s e t  of market demand 
func t ions ,  where t h e  q u a n t i t i e s  demanded a r e  a  funct ion of 
p r i c e s ,  income, t a x ,  and i n s t i t u t i o n a l  s t r u c t u r e .  Under 
c e r t a i n  condi t ions ,  it is poss ib le  t o  mathematically i n t e g r a t e  
these  market demand funct ions  t o  determine a  preference  
funct ion which i s  cons i s t en t  with them. Write t h i s  market- 
revealed preference  func t ion  as :  
(It must be kept i n  mind t h a t  t h e  V funct ion w i l l  change 
with changes i n  t a x  o r  i n s t i t u t i o n a l  s t r u c t u r e . )  We can then 
w r i t e  t h e  planning problem f o r  a  market economy--using t h e  
market revealed preference  funct ion a s  t h e  preference  
function--as: 
s u b j e c t  t o  
For goods which are allocated by central planning, the 
preference function is based on other sources--the 
preferences of the planners. In this situation, tools other 
than the econometric technique are appropriate. Nevertheless, 
it should be noted that the econometric techniques may be 
very valuable. Even in centrally planned economies, where 
many goods are centrally allocated, a large share of the final 
goods is allocated in part by decisions of individual 
consumers or firms. Thus, although production decisions are 
made according to the principles nf planning, the consumption 
or purchase decisions are made by individual consumers. In 
this case, the knowledge of the individual preference functions, 
as revealed in the individual decisions, is extremely important 
in guiding the planning process. The easiest way to introduce 
this question into the framework discussed above is to 
postulate a consumer response function, which relates the 
desired quantity of final goods purchased by individual 
consumers or firms to the incomes of these agents and the 
relative prices of the different corisumer goods: 
where q is the purchases of the final demand vector, y is the 
income, and p the vector of prices of final goods, including 
taxes, congestion costs, etc. We then have our modified 
problem: 
max W(ql,..-,qn) 
subject to 
Clearly, it is extremely important for a planned economy to 
have precise information on the form of the consumer response 
function; deviations from the plan due to exclusion of this 
constraint can be just as important as deviations which arise 
from misspecification of the technological constraints. In 
addition, once the knowledge of the consumer response functions 
is established, it makes it much easier to implement the plan. 
By the introduction of appropriate prices and income, it can 
be ensured that the plan, the consumer response function, and 
the technology are all consistent. 
To summarize, we feel it is quite important to understand 
the role of preference functions in the energy area. These 
preference functions--whether through the form of market 
demand functions in market economies or of consumer response 
functions in planned economies--are an essential ingredient in 
making future projections, in performing policy analysis, and 
in understanding the evolution of energy systems. 
3.2 Comparison of Energy Options in Model Societies 
One of the fundamental topics of research at IIASA is 
the comparison of different energy options. In the first 
investigation (see ~afele and Manne [31), a detailed 
description of different technologies (nuclear fission and 
fossil) is combined with relatively simple demand equations. 
To this is added a second, more general, step, the 
comparison of various energy options having larger supply 
alternatives, combined with more general criteria for 
evaluation. This second step, in its turn, could result in 
two different concerns: first, a comparison of a single model 
society, and, second, comparisons of a few societies 
operating interdependently with distinct objective functions. 
In the second investigation, the societies would correspond 
to the different regions of the world. For the two studies, 
and particularly for the second, it is very important to 
build and introduce realistic demand models as primary energy 
input to the simulation models. 
3.3 Reaional Economic Models 
A second important line of research currently underway at 
IIASA and elsewhere is the development of regional energy models. 
At IIASA, for example, the work of W. Foe11 considers the models 
for three different regions: Wisconsin, Rhone-Alpes, and the 
German Democratic Republic. A common theme in all these models 
is the question of efficiently allocating the regions' resources 
to meet a given set of demands. 
3.4 Models With International or Interregional Trade 
One of the important unresolved issues in energy,modelling 
is the problem of how to model the process of international or 
interregional trade between different areas. Most models either 
ignore international trade or model trade as a competitive 
process. It is at this point that the difference between the 
demand functions for a region and the preference function for 
the region are of great importance. In most regions, even in 
market economies, national decision makers are unwilling to let 
the market forces of demand determine the patterns of trade. 
(The energy report Project Independence is a prime example of 
this tension.) One topic important for future work at IIASA 
is the investigation of models of international trade, with 
special attention to the superposition of national preferences 
upon the demand relations. 
The main problem in modelling international trade is 
modelling the reactions of nations or regions to possibilities 
for trade. In early work (see Nordhaus [ l ] ) ,  the assumption 
was made t h a t  t r a d e  i s  simply t h e  r e f l e c t i o n  of compe t i t i ve  
market f o r c e s .  I n  t h e  l i g h t  of r e c e n t  even t s  on t h e  
i n t e r n a t i o n a l  energy market,  it is  d e s i r a b l e  t o  a t t empt  t o  
i n t r o d u c e  o t h e r  forms of r e a c t i o n .  One sugges t ion  would be  
t o  assume t h a t  each r e g i o n  p l a n s  s o  a s  t o  maximize t h e  
p re fe rence  f u n c t i o n  of t h a t  r eg ion ;  t h e  equ i l i b r ium of t h i s  
j o i n t  maximization could  be  cons idered  a s  a  p o s s i b l e  outcome 
f o r  t h e  process  of i n t e r n a t i o n a l  t r a d e .  Although t h i s  seems 
a  ve ry  l i k e l y  p roces s ,  it a l s o  i n t roduces  deep game-theoret ic  
problems i n  t h a t  t h e  s t r a t e g i e s  of t h e  d i f f e r e n t  r e g i o n s  a r e  
n o t  independent .  
Assuming t h a t  t h e  problem of modell ing t h e  i n t e r a c t i o n  
between d i f f e r e n t  r eg ions  i s  s u c c e s s f u l l y  r e so lved ,  t h e r e  
remain a  number of problems of i n t e g r a t i n g  energy demand i n t o  
mul t i -count ry  models. 
1) The f i r s t  problem i s  determining  t h e  energy demand 
f u n c t i o n s  f o r  d i f f e r e n t  c o u n t r i e s .  I t  i s  hoped t h a t  t h e  work 
now going  on a t  IIASA and elsewhere w i l l  a l low s imple  b u t  
r e a l i s t i c  s p e c i f i c a t i o n s  of n a t i o n a l  energy demand equa t ions .  
2 )  The q u e s t i o n  of t h e  techfiology, o r  supply s i d e ,  i s  
t h e  o t h e r  c r u c i a l  b u i l d i n g  b lock  f o r  t h e s e  models. Again work 
a t  IIASA a s  w e l l  a s  elsewhere should  h e l p  wi th  t h e  a p p r o p r i a t e  
s p e c i f i c a t i o n s .  
3 )  The problem of i n t e g r a t i n g  t h e  energy s e c t o r  i n t o  t h e  
r e s t  of t h e  economy i s  a  t h i r d  impor tan t  problem i n  model 
c o n s t r u c t i o n .  Some p rog re s s  has  been made i n  t h i s  a r e a  l a t e l y  
( s e e  Hudson and Jorgenson [5]). It i s  probable  t h a t  
o p t i m i z a t i o n  models w i l l  have a  very  s imple  l i nkage ,  perhaps  
r e l y i n g  on decomposi t ion p r i n c i p l e s .  I n  s imu la t ion  models,  
on t h e  o t h e r  hand, it is p o s s i b l e  t o  l i n k  wi th  e x i s t i n g  
r e g i o n a l  models,  such a s  Mesarovic-Pestel  [6], which a l l ow 
f o r  a  more complete  feedback between t h e  energy s e c t o r  and t h e  
r e s t  of t h e  economy. 
4 )  E f f i c i e n c y  of  energy u s e  i s . a  f u r t h e r  q u e s t i o n .  An 
i n c r e a s e  i n  e f f i c i e n c y  cou ld  be of two t y p e s :  a )  i n  t h e  
energy  conve r s ion  and t r a n s m i s s i o n  p r o c e s s e s ,  and b )  i n  t h e  
energy  e f f i c i e n c y  of f i n a l  u s e .  The p r o c e s s e s  o f  t h e  f i r s t  t y p e  
of  i n c r e a s e ,  w i th  t h e  exce p t i on  of c a s e s  where d i f f e r e n t  new 
p r o c e s s e s  a r e  i nc luded  (MHD topping  c y c l e s ,  e t c . ) ,  have 
g r a d u a l l y  approached e f f i c i e n c y  p l a t e a u s .  Energy u s e  
e f f i c i e n c y  of  t h e  second t y p e ,  f i n a l  u s e ,  i n  t u r n  c a n  be  
improved i n  two ways: by i n c r e a s i n g  t h e  e f f i c i e n c i e s  o f  t h e  
energy u s ing  p roce s se s  d i r e c t l y  ( i n s u l a t i o n  and u s e  of  h e a t  
pumps f o r  space  h e a t i n g ,  e l e c t r o n i c  au tomobi les ,  etc.)  and 
by ca scad ing  energy u s i n g  p r oce s s e s  such  a s  ( i n t e g r a t e d  
i n d u s t r i a l  p r o c e s s e s ) .  These a s p e c t s  o f  f u t u r e  energy  demand 
a r e  ve ry  s i g n i f i c a n t  and have t o  be a s s e s s e d .  
5)  A f u r t h e r  q u e s t i o n  which d e s e r v e s  d i s c u s s i o n  is t h e  
i s s u e  of l i m i t s  t o  energy  consumption imposed by mechanisms 
e x t e r n a l  t o  t h e  energy s e c t o r .  It h a s  been s ugges t ed ,  f o r  
example, t h a t  t h e  c l i m a t i c  e f f e c t s  o f  was te  h e a t  and carbon  
d i o x i d e  impose c o n s t r a i n t s  on t h e  energy  p r oduc t i on .  
I f  it cou ld  b e  shown t h a t  t h e r e  a r e  indeed  r i g i d  l i m i t s  
t o  t h e  amount o f  energy p roduc t i on ,  t h i s  would be  a  v e r y  g r e a t  
a i d  i n  long-run f o r e c a s t i n g ,  s i n c e  t h i s  would form a  k ind  of  
f i r m  c e i l i n g  i n  t h e  d i s t a n t  f u t u r e .  P r e l im ina r y  i n v e s t i g a t i o n s ,  
however, c a s t  doubt  on t h e  e x i s t e n c e  of  f i r m  l i m i t s .  F i r s t  t h e  
r e sponse  o f  t h e  environment  is  probably  con t i nuous  r a t h e r  t h a n  
d i s con t i nuous  f o r  most impor t an t  v a r i a b l e s ,  s o  t h a t  no jumps 
i n  behav io r  a r e  l i k e l y  t o  occu r .  Second, l i m i t a t i o n s  on 
energy consumption pose  ve r y  s i g n i f i c a n t  s o c i a l  c o s t s ,  s o  t h a t  
it i s  u n l i k e l y  t h a t  t h e  op t ima l  env i ronmenta l  p o l i c y  would b e  
a n  i n v a r i a n t  f u n c t i o n  of t i m e .  F i n a l l y ,  t h e r e  a r e  many 
t e c h n i q u e s  f o r  s h o r t - c i r c u i t i n g  t h e  l i n k  between energy  and 
environment ,  s o  t h a t  by paying a  s l i g h t l y  h i g h e r  p r i c e  it i s  
p o s s i b l e  t o  have t h e  same envi ronmenta l  e f f e c t  and h i g h e r  
energy  consumption. 
In sum, we feel that it is doubtful that any rigid upper 
limit on energy consumption will be uncovered; rather, demand 
analysis will have to rely on the standard techniques 
discussed above. It is clear that the introduction of energy 
demand into general energy sector models is an important task 
on the research agenda of IIASA and other organizations. We 
hope that the collaboration of IIASA with different groups 
will continue to help the spread of methods of analysis as 
well as to resolve very difficult analytical issues which 
lie ahead. 
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11. INDIVIDUAL SECTORS 

Electricity and Energy Savings in Industry 
J. Bouchet 
It may seem astonishing to hear stated that the use of 
electrical processes in industry could lead to savings of primary 
energy. 
It is known that the development of nuclear energy may save 
considerable amounts of hydrocarbons. However, it is generally 
believed that the transformation of hydrocarbons into electricity 
may reduce the efficiency of primary fuel utilization to as little 
as 35% of its potential. Comparisons of primary fuel 
utilization for electricity with conversion of thermal into 
mechanical energy, do overlook the fact that losses are low in the 
actual use of electricity. 
Thus with conventional fuels, losses are moderate during 
production--as for instance in industrial steam generators--while 
they are high in distribution and, above all, in use. For example, 
a survey conducted in 1970 in the Federal Republic of Germany showed 
that out of an overall consumption of 313 Mtec,' 210 Mtec were 
sheer loss and only 103 were real corisumption; hence the overall 
efficiency came to no more than 33%. True, the enquiry bore on all 
energy users and not only on industrial consumers, but the lowest 
efficiencies are not always found in the industrial field. 
This raises the question whether the efficiency in the use of 
electricity-consuming processes can be.sufficiently high to 
counterbalance the initial disadvantage of this type 05 energy? 
Could this be possible on account of the wide variety of forms in 
which it may be used: Joule effect, Peltier effect, induction, 
electric arc, radiation (light, radio-electrical, infrared, ultra- 
violet, high frequency, hyperfrequency, etc.), electronic heating, 
magnetic field, electrical field, electrolysis, plasma and so on. 
'Mtec = million (metric) tonnes coal equivalent. 
This variety and ease of control enable electric energy to be 
supplied where, as, when and how it is wanted. One may even give 
up supplying heat from the outside and have it nascent inside 
the product itself, as for instance by induction, by the Joule 
effect, by hyperfrequency, by friction, etc. For one can engender 
heat inside a liquid by friction, as for instance during ultra- 
fast sterilization; in a few tenths of a second, milk or fruit 
juice can be heated by means of a metal disk rotating rapidly inside 
a container with very little play between disk and container. 
Are we sufficiently aware of the hopes now arising from current 
research on separation and concentration processes in membranes by 
reverse osmosis, or ultra-filtration, by means of mechanical 
energy of which the form most economical in primary energy is still 
the electric motor? For example, the treatment of one cubic meter 
of lactoserum through membranes to recover the protein requires 
only six kg of fuel oil equivalent, against twenty-five kg in a 
conventional evaporator. Also in the field of protein recovery, 
an experimental mechanical pressing of lucerne conducted in 1973 
to reduce its water content from 90% to 50% (before processing it 
in an oven), used only seventeen KWh, equivalent to four kg of fuel 
oil, against twenty kg in a conventional oven to arrive at the same 
reduction of water content. 
Further examples are: the numerous uses of heat pumps; the 
drying of polymerisable inks by ultra-violet rays; and the residual 
waters treatment by electroflotation and electro-flocculation. 
Innovations will invade more and more industries. Thus in organic 
electrochemistry, recourse to the action of electrons and protons 
inside molecules is envisaged: it could, for instance, lead to 
oxido-reduction reactions by means of brush discharges. Research 
in this is under way with collaboration between CNRS~ and EDF. 3 
No wonder that, in such a framework, energy savings may be spectacu- 
lar the moment one does not merely replace flames by resistors, but 
one has an entirely novel process through electricity. 
2~entre National de la Recherche Scientifique (France) . 
3~lectricit6 de France 
But is there a way of assessing impartially the potential 
energy savings related to a given process? In the present economic 
and industrial context, moreover, can one be concerned solely with 
the concept of apparent savings in energy, without at least associa- 
ting it to the concept of savings in raw materials? 
Before coming to some more detailed--though as yet incomplete-- 
examples of savings in primary energy by substituting new electrical 
processes for conventional ones, it is necessary to stress the points 
that the concepts of savings in energy and in raw materials-- 
possibly even in labor and foreign currency--cannot be dissociated 
and that it is difficult to accurately assess the overall energy savings. 
This may be seen in the following example: Take two processes, both 
of them designed to melt aluminium, the first through a flame fur- 
nace, the second through a resistor oven, to make molded pieces. 
It requires about 1,500 thermies4 of fuel per metric ton of aluminium 
in a flame furnace to match the 600 kWh required by the electrical 
process. 
If electricity comes from an oil-fired power plant, it will 
yield about 2.5 thermies per kwh. Thus both processes seem to be 
equivalent in terms of primary energy (1,500 thermies). 
Let us go deeper into the matter: the first process may entail 
an additional loss by fire of 0.7% of the metal which is reduced 
from 1.4% to 0.7% in an electric furnace. To be valid, the 
comparison should entail the same amount of finished product. 
Naturally the additional 0.7% of thermies used in heating must be 
taken into account, but these ten thermies are negligible. 
The point is that we have to produce the additional seven kg 
of aluminium. This needs, starting from the crude bauxite, an 
extra 50,000 thermies of energy--mechanical, thermal, electrical-- 
per metric ton of metal, that is to say 350 thermies to arrive .at 
',he th/t/Oc (thermie/tonne/degree C) = 1,000 kilocalories/metric 
tonldeqree C = 2,240 BTU/long ton OF. 
the seven kg required to make up for losses by fire. In this way 
one will expend 1,850 thermies per metric ton in the flame furnace 
against 1,500 thermies in an induction furnace. This 
will deeply modify an initial conclusion drawn from too limited 
an analysis of apparent savings. 
Even leaving aside the economic aspect of saving foreign 
currency, or even labor, at least two objections may come into mind. 
They are: first, is not the reasoning incomplete by not taking 
into consideration the potential heat recovered downstream from the 
furnace? Second, is not this example too biased in favor of 
electricity, hence not generalizable? 
To the first objection there can be a simple reply: the re- 
covery possibilities must be carefully examined, because they can 
be very different. So, when replacing a flame furnace by an induc- 
tion furnace, it may even be that recovery by cooling water from 
the coils is sometimes easier--and more profitable--than recovering 
the heat from smoke effluent, especially when reusing the heat for 
space heating (for one among the many problems of recwering down- 
graded heat is indeed to find the right needs close by: they must 
be of the same order of magnitude as the source, both in quantity 
of heat and in temperature level). 
To the second objection--bias in favor of electricity--one 
could answer that this example is not the only one currently avail- 
able, if one considers all of the fields of applications, for 
example : 
- Thermocuring of concrete by electricity instead of by steam 
or hot water saves about 65% of primary energy, bringing 
the average consumption to forty-five liters of fuel oil per 
3 
cubic meter of concrete (i.e. 450 th/m ) against sixty kwh 
3 per cubic meter (i.e. 150 tn/m ) 
- Drying of maize by dehydration with heat pump consumes 
twelve ktih per quintal, i.e. about 3.5 liters of fuel oil 
against 5.5 liters with a flame dryer; 
- Wood drying by a similar process saves almost 50% of the primarj 
energy by cutting downthe amount of fuel oil used from some 
forty liters per m3 of dried wood, plus twenty-five kWh for 
ventilation (i.e. 460 th/m3) instead of 100 kWh/m3 (i-e. 
3 250 th/m 1 ;  
- Reheating the temperature holding before forming of annealed 
steel billets in ovens producing a few tons per hour by 
means of conduction heaters entails a saving of 20% to 40% 
Thus 1,300 thermies per metric ton consumed with conventional 
heating--including an additional 1.5% loss by fire--is brought 
down to 410 kwh (1,025 thermies) in an induction furnace and 
300 kwh (750 thermies) in a conduction heater. 
The basic question, however, remains: how to assess validly 
and impartially the energy savings involved in one of the two processes? 
Perhaps the few examples mentioned may have foreshadowed an answer. 
First, an analysis must start from a common point in the two 
processes and end up with equal quantities of products able to give 
the same service. For instance, when reheating steel billets in 
order to make rods, calculations must begin in both cases with cold 
billets and end up with the same weight of rods of the same quality. 
This is a relatively simple case, requiring only that one takes 
into account the energy available in the fuel, plus any supplemental 
consumption (which is often neglected), such as ventilation, or more 
generally motive force, minus the recovery of any potential heat. 
Another thing (which is often omitted) is to take into account the 
difference in losses by fire in terms of primary energy. This quanti- 
fication of loss by fire must generally begin at the iron ore 
extraction phase (though in some cases it may be possible to recover 
calamine). Lastly it is necessary to convert the kWh into units 
or primary energy. This is one of the simplest examples to be found 
when the energy substitution is done by means of electricity. 
But it is already far more complex if compared with the relative 
simplicity of substituting a gas flame for a fuel oil flame, although 
differences in the nature of their radiation may bring some problems 
regarding a correct appraisal of efficiencies. It is, however, im- 
p o s s i b l e  t o  n e g l e c t  some f a c t o r s  t h a t  s h o u l d  be ment ioned:  
- Modifying t h e  p r o c e s s  may modify p r o p e r t i e s  o f  t h e  f i n i s h e d  
p r o d u c t .  One must compare q u a n t i t i t e s  of  p r o d u c t s  g i v i n g  
t h e  same s e r v i c e .  For  i n s t a n c e ,  i n d u c t i o n  h e a t i n g  t r e a t m e n t  
may a l l o w  t h e  u s e  o f  l i g h t e r  p a r t s  (hence  s a v i n g  i n  
m a t e r i a l s )  t h a t  wear o u t  less r a p i d l y  (hence  s a v i n g s  i n  
mate r ia l s  and l a b o r ) ;  
- Modifying t h e  p r o c e s s  may a l low u s e  of  less n o b l e  o r  raw 
m a t e r i a l s ,  o r  even less m a t e r i a l s  g e n e r a l l y  c o n s i d e r e d  
a s  p o l l u t a n t .  For  i n s t a n c e ,  u s i n g  e l e c t r i c a l  a r c  f u r n a c e s  
i n  m i n i - s t e e l w o r k s  a l l o w s  r e c y c l i n g  o f  s c r a p s ,  e s p e c i a l l y  
s c r a p p e d  c a r s ,  a t  f a r  less energy  consumption t h a n  s t a r t i n g  
w i t h  f r e s h  o r e ;  
- P r o g r e s s  i n  t h e  f i e l d  o f  energy  s a v i n g s  i n  some i n d u s t r i e s  which 
d i d  n o t  worry a b o u t  t h a t  up t o  now may sometimes b e  made i n  
t h e  a r e a  of  c o n v e n t i o n a l  p r o c e s s e s ,  based  on o l d e r  d e s i g n s ,  
more e a s i l y  t h a n  w i t h  e l e c t r i c a l  p r o c e s s e s ;  f o r  t h e s e  pro-  
cesses, energy  s a v i n g  h a s  been a  major  p r e o c c u p a t i o n  r i g h t  
from t h e  b e g i n n i n g ,  i f  o n l y  f o r  r e a s o n s  o f  economic compet i -  
t i v e n e s s .  But i n  such e x i s t i n g  p l a n t s  t h e  g a i n s  a r e  s c a r c e l y  
l i k e l y  t o  exceed  20 % .  
One problem r e q u i r i n g  a  g r e a t  d e a l  o f  a t t e n t i o n  i s  t h e  con- 
v e r s i o n  o f  kwh i n t o  u n i t s  o f  p r imary  e n e r g y .  The g e n e r a l  p r a c t i c e  
h a s  been  s o  f a r ,  when p l a n n i n g  t h e  development  o f  e l e c t r i c a l  
i n d u s t r i a l  p r o c e s s e s ,  t o  assume a  f a c t o r  of  2 . 4  t o  2 . 5  t h e r m i e s  
5 PCS p e r  kWh, a s  i n  Europe it i s  t h o u g h t  t h a t  any new a p p l i c a t i o n  
o f  e l e c t r i c i t y  i s  t o  b e  now m e t  by s u p p l y  from o i l - f i r e d  power 
p l a n t s  t h r o u g h o u t  t h e  y e a r .  T h i s  n a t u r a l l y  d o e s  n o t  h o l d  f o r  some 
c o u n t r i e s ,  s u c h  a s  S w i t z e r l a n d ,  which draw most o f  t h e i r  e l e c t r i c i t y  
from h y d r o - p l a n t s ;  i n  such c a s e s ,  t h e  c o r r e c t  p h y s i c a l  c o n v e r s i o n  
f a c t o r  approx imates  some 0.86 t h e r m i e s  p e r  kWh. The v e r y  e x i s t e n c e  
o f  s u c h  a  v a r i a t i o n ,  which may r e a c h  a  r a t i o  o f  1 :3 ,  w i l l ,  i n  most 
o f  t h e  i n d u s t r i a l i z e d  c o u n t r i e s ,  markedly a f f e c t  t h e  e n e r g y  b a l a n c e  
when comparing e l e c t r i c i t y  t o  o t h e r  t y p e s  o f  f u e l .  
'PCS: p o u v o i r  c a l o r i f  i q u e  s u p e r i e u r  o r  g r o s s  c a l o r i f i c  v a l u e .  
Most u s e r s ,  however, f i g u r e  i n  t e rms  o f  PC1 ( p o u v o i r  c a l o r i f i q u e  
i n f e r i e u r  o r  n e t  c a l o r i f i c  v a l u e ) ,  which may e n t a i l  a  d i s t o r t i o n  o f  
a b o u t  10%.  
As things stand, in Europe and more particularly in France, 
a coefficient as high as 2.4 or 2.5 th per kwh6 will soon grow 
obsolete due to the massive arrival of nuclear power. Indeed, when 
the population of conventional thermal plants and nuclear plants 
has been reoptimized in terms of their respective operating costs, 
the conventional plants will operate for no longer than about 
2,000 to 3,000 hours per annum. And their operating periods during 
peak hours will be virtually independent of the amount of regular 
consumption by the industrial users of electricity. It will then 
happen that virtually all of the industrial development of 
electricity will be based on nuclear energy. In France this will 
come about 1985, when the proportion of nuclear in the marginal kwh 
output will have risen from around OX in 1980 to almost 100% in 1985. 
There is a difficulty in determining a valid equivalent of 
n~clear energy in terms of primary energy. A simple and often re- 
peated reasoning holds that since nuclear energy may be used either 
in the form of a hot fluid (e.g. stream), or in the form of electricity 
one has to penalize electricity by the efficiency factor of the 
conversion of heat into mechanical energy, so the equivalence factor 
could be something like 0.86 x 3 = 2.5. 
But is this reasoning really similar to that generally used 
for liquid and gas fuels? In such cases the energy they develop 
during complete combustion is generzlly referred to. Logically, 
one should have to consider the theoretical heat given off by the 
fission of uranium 235. If the phenomenon merely involved the com- 
plete disappearance of the uranium, the situation would be similar 
6~onf usion is to be avoided between the equivalence factor 
in terms of primary energy with what might be called the coefficient 
of energy substitution. Thus in an above example, namely the pres- 
sing of lucerne, in which seventeen kWh were used instead of twenty 
kg of fuel oil (200 th), the substitution coefficient would reach 
11.5 thermies per kWh. As opposed to the equivalence factor in 
primary energy (related only to the mode of electricity production), 
the substitution coefficient (related only to both the modes of 
using electricity and of using fuels in the considered processes) 
is all the more favorable to electricity as it is large. 
to the disappearance of some conventional fuel; but in this case 
a new fuel is simultaneously generated from uranium 238 in 
quantities which may even exceed those destroyed by fission. So 
what could be the consumption of primary energy to be validly 
assigned to breeder reactors, other than possibly a negative con- 
sumpt ion? 
Without fully answering this question, it may be said that 
in energy balance sheets drawn up for facilities still operative 
in the 1985's, a coefficient of some 2.5 thermies per kwh will be 
pessimistic for electricity in most European countries. Some 
people are of the opinion that one might even equate the nuclear 
with the hydroelectric by assuming a coefficient of one or so. 
But should not the question of savings be posed not solely 
in terms of energy and raw materials but above all in terms of 
outflow of foreign currency, especially in the case of the countries 
with an adverse trade balance? This would be eminently suitable, 
as naturally not all sources of primary energy have the same value 
in foreign currency. The comparison will always appear critical, 
and at least to begin with, will not be taken into account very 
often. But not doing so is liable to render the advantages of the 
electro-nuclear solution less obvious to some people. 
IJonetheless, striving after the optimum use of energy and raw 
materials must, for some time at least, be the central preoccupation 
of citizens and Industrialists. This in many cases may lead to 
seeking a combination of several energy sources--or more often, 
of several forms of utilizing a given form of fuel--each being used 
in its optimum range of efficiency. Let us again take the reheating 
of the steel billets before forming as an example: immersed in high- 
temperature gases, the colder the billets are, the more heat they 
absorb in a given time; and however great may be the flow of hot 
gases, billets cannot get hotter than gases are. Certainly there 
are other panameters to contend with, but this simplified approach 
will serve as reminder of the fact that the efficiency of a flame 
furnace is lower if the billets are hot. In current operation, the 
0 average efficiency equals that observed somewhere around 700 C. 
As regards the efficiency of the electric process, induction 
heating is virtually independent of temperature. Losses by 
radiation increase with temperature, bug there is a better pene- 
tration of the induction in the metal above the Curie point, 
namely above 7 0 0 ~ ~ .  There would therefore be a saving in primary 
energy if one used a flame furnace, or oven, up to about 7 0 0 ~ ~ ~  
and an induction furnace above this. 
This kind of duplication is costly if the energy sources are 
as different as flame is from electricity. But in most cases a 
good energy balance will be obtained by combining many electrical 
processes, as for instance de-freezing, or drying, by coordinated 
use of radiation and heat pumps. No particular technical or 
financial problem will generally arise from such simultaneous 
installations. 
To conclude, it is necessary to underscore the great care 
to be taken in intricate comparisons between a number of disparate 
processes, already developed or to be developed; to be emphasized 
too is the imagination that will be required from now on in order 
to introduce new industrial processes based on electricity. 
It would go against the interests of the industrialized nations 
(and those of their industrialists) not to attempt to rise above 
the partial viewpoints to which they may have hitherto adhered. We 
have to opt from among a lot of scarcities: primary energy, 
raw materials, foreign currency. We must not focus, even temporarily, 
solely on savings in primary energy. 
In fact, if prices of energy and raw materials properly re- 
flected their true cost for a nation, the minimization of the dis- 
counted overall cost (investment plus operation plus maintenance) 
of the entire sequence of processes required for turning out the 
finished product would not be a debatable criterion. Is it valid 
to assume that true costs have been found again in Europe, after the 
disruption of the last months? It might be hazardous to affirm it, 
but this will come--perhaps soon. Meanwhile it is difficult to find 
a simple criterion not open to criticism. 
The few examples selected here from a wide choice have shown 
that our legitimate striving to save primary energy and raw materials 
may already now be satisfied through the use of our available sources 
of electricity, the more so if such electricity may quickly and 
mainly be obtained from nuclear sources, or at least independently 
of hydrocarbon imports, whether liquid or gaseous. 
But will industrialists worry about energy saving, and will 
they attune their investments to such a need? It scarcely seems 
likely that they will do so out of pure patriotism. There must be 
some financial incentive. This means that if we wish to achieve 
savings in energy and raw materials, we must show the industrialists 
not only the technical feasibility and reliability of the electrical 
appliances, but also the profitability of the processes and 
equipment we recommend for the purpose. This implies that we must 
be able to turn out mass produced equipment within a short time. 
Furthermore, since speed is essential, this should foster inter- 
national collaboration through an interchange of information among 
the various producers of electrical energy, manufacturers of equip- 
ment, and end-users. Undoubtedly, public authorities in the various 
countries should strive to induce innovative research on electrical 
processes. 
Discuss ion  
Sweeney 
The p r e s e n t a t i o n  of Bouchet, Lencz, and Mount a t tempted  t o  
e s t i m a t e  t h e  demand f o r  one f u e l  o u t s i d e  of t h e  c o n t e x t  of t h e  
demands f o r  o t h e r  f u e l s .  This  of cou r se  i s  c o n s i s t e n t  w i th  
most of t h e  work t h a t  ha s  gone on i n  t h e  p a s t ,  where one s t u d i e s  
t h e  demand f o r  e l e c t r i c i t y  o r  f o r  n a t u r a l  ga s .  I t  s t r i k e s  me 
t h a t  s i n c e  a l l  o f  t h e s e  f u e l s  a r e  c l o s e  s u b s t i t u t e s ,  it i s  very  
d i f f i c u l t  t o  e s t i m a t e  t h e  demand f o r  e l e c t r i c i t y  w i thou t  
focus ing  on n a t u r a l  ga s  and petroleum o r  c o a l  a s  s u b s t i t u t e  
p roduc t s .  Of cou r se ,  one way t o  do t h i s  i s  t o  use  p r i c e s  o r  
o t h e r  c h a r a c t e r i s t i c s  of t h e  s u b s t i t u t e  f u e l  a s  independent  
v a r i a b l e s  i n  t h e  econometr ic  a n a l y s i s ,  b u t  aga in  some of  t h e  
work going  on i n  t h e  US Fede ra l  Energy Adminis ta t ion  sugges t s  
t o  u s  t h a t  t h i s  approach can be mis leading .  
One of t h e  t h i n g s  we found is  t h a t  it i s  f a i r l y  easy  t o  
" e s t ima te"  t h e  demand f u n c t i o n  f o r  any one f u e l .  The r e s e a r c h e r  
has  a  g r e a t  d e a l  of l a t i t u d e  i n  choosing f u n c t i o n a l  forms, 
independent  v a r i a b l e s  and s o  f o r t h .  However, we a l s o  found t h a t  
a s  soon a s  one s t a r t s  e s t i m a t i n g  t h e  demand f o r  a  f u e l  i n  con- 
j unc t ion  wi th  o t h e r  demands one runs  i n t o  some very  d i f f i c u l t  
problems and o f t e n  d i s c o v e r s  some t h i n g s  wrong wi th  t h e  s i n g l e -  
f u e l  e s t i m a t e s .  While I am n o t  sugges t ing  t h a t  t h e r e  neces-  
s a r i l y  a r e  major d i f f i c u l t i e s  w i th  t h e  s t u d i e s  p re sen ted  h e r e ,  
I am sugges t ing  t h e s e  demand s t u d i e s  might  u s e f u l l y  b e  p laced  
i n  a c o n t e x t  of  o t h e r  f u e l  demands. 
I n  Bouchet ' s  paper  it s t r u c k  me t h a t  he i s  c o r r e c t  i n  
t r y i n g  t o  s t r u g g l e  wi th  t h e  no t ion  t h a t  you must look a t  combi- 
n a t i o n s  of v a r i o u s  energy i n p u t s  r a t h e r  than  t r y i n g  t o  t r a n s l a t e  
eve ry th ing  t o  BTU's and t o  simply agg rega t e  t o  BTU's of i n p u t .  
However, a  problem a r i s e s  when one assumes t h a t  p r i c e s  a r e  no t  
c o r r e c t  because t h e  p r i c e  system can no longer  be  used f o r  
aggregating inputs. I would have liked to see some discussion 
in that paper of how, since prices are rejected as aggregators, 
one goes about aggregating various inputs. 
Waverman 
This morning we have been told we are artists and not 
scientists and so I will not let Sweeney's remarks dissuade 
me from repeating some of the things he said to prove to you 
it is really science and not art. In Bouchet's paper I liked 
the first part very much; it reminds us that we must think in 
terms of output BTU's not input BTU's. If we consider effi- 
ciencies in transmission and conversion to final demand it is 
not necessarily true that electricity is the most inefficient 
of all fuels. Bouchet also tried to persuade us by giving us 
an implied social objective function which says that unless you 
have large amounts of indigenous oil you really cannot import 
any and therefore you need a lot of nuclear fuel. I object. I 
am not quite sure that electricity from nuclear plants will be 
cheaper in ten years as Bouchet suggested; the reverse could 
well be true. 
Slesser 
Bouchet raised the question of the energy efficiency of 
nuclear power stations. If you estimate the efficiency of a 
nuclear power station in terms of the fossil fuel used, you 
find it is an extremely efficient way of producing electricity. 
If you estimate it in terms of the fact that you are using up 
uranium which is no more than another form of stored heat then 
you come up with a different conclusion. As soon as you have 
breeder reactors uranium 238 becomes a fuel and you have not 
actually changed the efficiency; all you have done is vastly 
increase the stock and I wondered if Bouchet thought of it in 
the same terms. 
Bouchet 
A t  l e a s t  i n  France it seems t o  be no problem t o  have 
"cheap" e l e c t r i c i t y  by 1985. A r e c e n t  s tudy  conducted f o r  t h e  
Min i s t ry  of Indus t ry  and Research i n  France has  confirmed t h i s  
hope. We b e l i e v e  t h a t ,  i nc lud ing  no p rov i s ion  f o r  i n f l a t i o n ,  
e l e c t r i c i t y  may s t a y  a t  t h e  same l e v e l  of p r i c e  from now till, 
maybe, 1979 o r  1980. But we t h i n k  t h e r e  w i l l  be a n e t  dec rease  
from 1980 t o  1985 and p r i c e  of  e l e c t r i c i t y  i n  1985 might be 
aga in  roughly a t  t h e  same l e v e l  it was i n  August 1973 j u s t  be- 
f o r e  t h e  o i l  c r i s i s  began. 
Prognoses o f  t h e  Consumption of Energy, E s p e c i a l l y  
E l e c t r i c i t y :  Methods and Experiences 
Imrich Lencz 
I n t r o d u c t i o n  
Due t o  t h e  c o n s t a n t l y  inc reas ing  demands of t h e  energy 
s e c t o r  on c a p i t a l  investments ,  on m a t e r i a l  means and on man- 
power a s  w e l l  a s  t h e  cont inuous ly  inc reas ing  d e n s i t i e s  of 
energy i n  r e l a t i o n  t o  environment, f o r e c a s t s  of energy consump- 
t i o n  a r e  becoming i n c r e a s i n g l y  s i g n i f i c a n t .  I n  Czechoslovakia, 
t h e s e  f o r e c a s t s  occupy an  impor tant  p l ace  i n  t h e  r e sea rch  
a c t i v i t y  of a  wide s t a f f  of r e sea rch  workers grouped around t h e  
Power Research I n s t i t u t e  [2,4,5,6,81 . 
Numerical r e s u l t s  a r e  today u t i l i z e d  i n  a  r e l a t i v e l y  wide 
scope both a s  a  source  of informat ion  f o r  s t a t e  a u t h o r i t i e s  
s e rv ing  a s  b a s i s  f o r  prepar ing  t h e  d e c i s i o n s  a s  w e l l  a s  
i n p u t  d a t a  f o r  mathematical models, mainly of t h e  e l e c t r i c  
power system. 
Forecas t ing  f u t u r e  t r e n d s  and even t s  i n  a  l i v i n g  dynamic 
system wi th  continuous changes of t h e  i n t e r n a l  s t r u c t u r e ,  of 
i n t e r n a l  and e x t e r n a l  coup l ings ,  i s  always connected wi th  d i f -  
f i c u l t i e s  and u n c e r t a i n t y .  It i s  j u s t  due t o  t h i s  f a c t  t h a t  
t h e  numerical  r e s u l t s  of t h e  f o r e c a s t s  obta ined  by v a r i o u s  
methodological  means o f t e n  d i f f e r  cops ide rab ly ,  p a r t i c u l a r l y  
i n  t h e  c a s e  of d i s t a n t  t ime pe r iods .  Therefore ,  i t , s e e m s  use- 
f u l  t o  i n v e s t i g a t e  t h e  f u t u r e  demands f o r  energy by s e v e r a l  
d i f f e r e n t  methodological  means. Besides t h e  mathematical  
methods ( e x t r a p o l a t i o n ,  one-dimensional and mult i-dimensional  
c o r r e l a t i o n s ,  mathematical  models of e l e c t r i c i t y  consumption 
development, e t c . )  w e  use  t h e  method of i n t e r n a t i o n a l  comparison. 
For more d i s t a n t  time per iods  a t tempts  have l a t e l y  been made 
with non-formalized prognostic methods based on a c o l l e c t i v e l y  
undertaken e x p e r t i s e  using a c e r t a i n  modif ica t ion of t h e  Delphi 
method. 
Prognostic Methods i n  Use 
Let us  f i r s t  consider t h e  formalized prognostic methods. 
Apparently, two approaches should be d i s t ingu i shed  wi thin  
t h e i r  scope: 
- an approach i n  which we t r y  t o . p e n e t r a t e  t h e  i n t e r n a l  
s t r u c t u r e ,  t h e  i n t e r n a l  and e x t e r n a l  r e l a t i o n s h i p s  of 
t h e  observed o b j e c t ,  and expla in  t h e  o b j e c t ' s  behavior 
by t h e  funct ioning of these  r e l a t i o n s h i p s ;  and 
- a mathematical and s t a t i s t i c a l  approach i n  which t h e  
o b j e c t  i s  looked upon a s  a black box. 
The f i r s t  approach i s  represented by t h e  method of s t ruc -  
t u r a l  ana lys i s .  The authors  from whose works t h e  present  r e p o r t  
r e s u l t s  [2,4,5,6,81 make use of t h i s  approach only t o  a l imi ted  
ex ten t ,  e s p e c i a l l y  f o r  expressing and analyzing t h e  i n t e r n a l  
s t r u c t u r e  of the  energy s e c t o r  and mainly i n  cons ide ra t ions  
about supplying t h e  i n d u s t r a i l  s e c t o r  with energy. This approach 
proceeds from a r e l a t i v e l y  d e t a i l e d  d e s c r i p t i o n  of t h e  most 
important p a r t s  of t h e  power system s t a r t i n g  with energy sources ,  
processes of r e f i n i n g  and of transforming ind iv idua l  forms of 
energy, t o  t h e  f i n a l  consumption of energy. 
More f requent  a r e  the  mathematical and s t a t i s t i c a l  approaches 
which regard t h e  o b j e c t  a s  a black box and t r y  t o  expla in  i t s  
a c t i v i t y  on t h e  b a s i s  of searching f o r  the  connections between 
ind iv idua l  elements of t h e  observed t r a j e c t o r i e s .  Three groups 
of methods used f o r  t h i s  ana lys i s  should be l inked with one 
another:  
1) analysis of time series, 
2) one-dimensional correlation, and 
3 )  multi-dimensional correlation. 
The analysis of time series is used as a basis for observ- 
ing the past development of the object. Though, unfortunately, 
the individual mathematical functions may well characterize 
the past development and explain the fundamental (deterministic) 
component of the process, the extrapolation of the established 
future trends is very uncertain, and the respective mathematical 
function to be used for extrapolation must be chosen very care- 
fully. As for the development of electricity consumption, 
numerous analyses revealed that three profoundly different 
time intervals can be defined in the long-term development of 
individual countries. The first corresponds to low values of 
the energy consumption per inhabitant and it is noted for a 
high share of the random factor, that is, for a considerable 
variation of annual increments. After having reached a certain 
value of the per capita consumption, the development becomes 
steadier and its trend is near to the exponential development. 
Annual increments are statistically stabilized and follow from 
the totality with normal distribution. Having achieved a cer- 
tain development level (in our case about 1.,50@ kWh/capita/year) 
relative development gradually slows down and its extrapolation 
requires the utilization of functions with decreasing annual 
increments. 
The regressive analysis of time series explains, as a rule, 
only the most important basic components of the development. 
Application of the correlation methods, in particular those of 
multi-dimensional correlation enable us to explain other regular 
residuals about the line of the trend. To a certain extent it 
also enables us to narrow the zone of consumption forecasts for 
more distant periods of time. 
Using c o r r e l a t i o n  methods we w i l l  t r y  t o  b r i n g  i n t o  focus  
t h e  i n f l u e n c e  of i n t e r n a l  and e x t e r n a l  f a c t o r s  a f f e c t i n g  
consumption: 
a )  demographic f a c t o r s ,  
b )  economic f a c t o r s ,  
C )  c l i m a t i c  f a c t o r s .  
The cho ice  of exp lana to ry  v a r i a b l e s  becomes e v i d e n t l y  d i f -  
f e r e n t  i f  we i n v e s t i g a t e  t h e  e l e c t r i c i t y  consumption a s  a whole 
o r  t h e  e l e c t r i c i t y  and energy consumption by a group of con- 
sumers (e .g .  of t h e  p o p u l a t i o n ) .  
A f u r t h e r  c o n t r i b u t i o n  f o r  e l a b o r a t i n g  medium-term and 
long-term f o r e c a s t s  of e l e c t r i c i t y  consumption i s  c l o s e l y  l i nked  
t o  t h e  a p p l i c a t i o n  of mathematical  models which, making use  
of s t a t i s t i c a l  f u n c t i o n s ,  d e s c r i b e  t h e  r e l a t i o n  between t h e  
e l e c t r i c i t y  consumption and t h e  s o c i a l  and economic development 
of t h e  s o c i e t y  c h a r a c t e r i z e d  by a s e t  of exp lana to ry  f a c t o r s :  
I n  r ega rd  t o  a number of f a c t o r s  i n f l u e n c i n g  t h e  e l e c t r i c -  
i t y  consumption, t h e  q u a n t i f i c a t i o n  of t h i s  c o r r e l a t i o n  i s  
g r e a t l y  problemat ic  bu t  it is  v e r y  impor tan t  f o r  t h e  p r e d i c t i o n s  
and mainly f o r  t h e  p o s s i b i l i t y  of c o n t r o l l i n g  t h e  f u r t h e r  deve l -  
opment of t h e  e l e c t r i c i t y  consumption i n  t h e  d e s i r e d  s ense .  
I n  t h e  f i r s t  s t a g e s  of c o n s t r u c t i n g  t h e  mathematical  model 
when u n c e r t a i n t i e s  connected w i t h  t h e  cho ice  of exp lana to ry  
f a c t o r s  a r e  n o t  y e t  removed, t h e  most s u i t a b l e  t ype  seems t o  
be t h e  l i n e a r  form of t h e  mathematical  model: 
y = $(E) function of the electricity consumption development; 
Xi = $. (Si) indices of the explanatory quantities; 
alei = parameters of the equations; 
ui = random deviation. 
The chosen function $ of the variables Y and Xi has to ensure 
the linear character of the relation between the explanatory 
variables Xi, as well as their mutual independence because the multi- 
collinearity of explanatory quantities reduces the reliability of 
estimating the parameters a and f3. 
The evaluation of the accuracy and the sensibility of the 
model, the choice of explanatory factors and the stability of this 
correlation are made possible by tests of hypotheses concerning the 
significance of the values of Bi parameters in the past development. 
They may also be corrected after being compared with values obtained 
in other countries. By means of the model we may study the influence 
of changes appearing in the development of the individual factors 
upon the development of electricity consumption. 
Another alternative exploitation of the described type of 
mathematical model involves the cases when, in addition to the 
explanatory factors Si, we also make assumptions about the future 
electricity consumption. We may also verify the electricity con- 
sumption forecasts obtained by other methods. 
In this activity we consider the fact that the forecast is 
ngt only a matter of passive event forecasting but that it is 
also, to a great extent, a matter of pointing out tasks for the 
realization of which a society should concentrate its means 
and power. 
When comparing concrete forecasts it proved very useful to 
utilize a method of international comparisons, that is comparing 
expected development with that in other countries, mainly 
in those which have already attained a higher degree of economic 
development. A systematic work in this field has been done by 
Felix [31 whose results are also used in comparison forecasts of 
energy and electricity consumption in our practice. 
The longer the prognostic intervaI is the greater the un- 
certainty of theforecasts due to the lack of knowledge of the 
future structure of the energy sector, of the style of living, 
etc. Thus for more distant periods of time it may be useful to 
proceed, to a degree, also from the results of non-formalized 
methods (e.g. of a collectively undertaken expertise). An example 
will be described below. 
A summarizing review of the characteristic features of the 
prognostic methods utilized in forecasting the consumption of 
electricity and of all forms of energy as a whole and when divided 
into the most important groups of consumers is given in Tables 1-4. 
The figures describing the methods of forecasting the electricity 
consumption do not require detailed commentary. As far as the demand 
of all forms of energy is concerned we should like to point out 
that the forecasts at the level of the total gross energy consump- 
tion are not conventionally undertaken except for the method of 
international comparisons. The basis of forecasting the energy 
consumption consists mainly in forecasting the development of the 
final energy consumption by individual groups of consumers, but the 
mathematical methods of the type discussed above are mostly used in 
forecasting the final consumption in industry. In the case of other 
groups of consumers it is rather a matter of engineering-type 
balance studies with the exception of the household and municipal 
sphere where we proceed from a certain conception of the consump- 
tion pattern. 
When solving this problem, the final energy consumption is 
split up into the following spheres (see Figure 1): 
- manufacturing and construction, 
- transportation, 
- agriculture, and the 
- non-productian sphere. 
Table 1. The main features of the method applied for fore- 
casting the gross electricity consumption. 
Extrapolation 
Methods 
One-Dimensional 
Correlation 
Methods 
Multi-Dimensional 
Correlations 
International 
Comparison 
Collectively 
Undertaken 
Expertise 
- modified exponential line 
- k-transformation 
- Gompertz's function 
- correlation with population development 
- correlation with manpower development 
- correlation with total social product 
- correlation with fundamental means 
- demography . number of inhabitants 
labor force 
- economy - material consumption 
formation of national product 
means of production (machines) 
- climate number of days with frost 
- degree days 
- rates of growth depending on consumption 
per capita and year 
- expertst estimates of main factors of 
electrification 
Table 2. Main features of the methods applied for forecasting 
the electricity consumption in different branches of 
the national economy. 
Industry 
Transportation 
Extrapolation 
direct and indirect 
extrapolation 
Agriculture 
One-Dimensional 
Correlation 
'means of production 
gross produ &ion 
material consumption 
Extrapolation 
direct and indirect 
extrapolation 
-- 
Mult i-Dimensional 
Correlation 
employment 
productive consump- 
tion 
national product 
fundamental means 
days with frost 
One-Dimensional and Multi-Dimensional 
Correlation 
length of electrified railways 
power-capacity of the electric traction 
englnes 
Household and Municipal Sphere 
One-Dimensional Correlation 
agricultural production 
Multi-Dimensional Correlation 
employment 
fundamental means 
intensity of vegetable produc- 
t ion 
intensity of animal production 
climatic conditions 
Extrapolation 
direct and indirect 
extrapolation 
One-Dimensional 
Correlation 
population 
number of flats 
incomes of inhabi* 
tants 
Multi-Dimensional 
Correlation 
number of households 
incomes of inhabitants 
household equipment 
climatic conditions 
T a b l e  3 .  Main f e a t u r e s  o f  t h e  methods  a p p l i e d  f o r  f o r e c a s t i n g  
t h e  e n e r g y  consumpt ion .  
T a b l e  4. Main f e a t u r e s  o f  methods  a p p l i e d  f o r  f o r e c a s t i n g  t h e  
f i n a l  e n e r g y  consumpt ion  of i n d i v i d u a l  b r a n c h e s .  
I n t e r n a t i o n a l  Comparison 
development  o f  r a t e s  o f  g rowth  
d e p e n d i n g  on consumpt ion  p e r  
c a p i t a  and y e a r  
A n a l y t i c a l  and B a l a n c e  Method 
summariz ing b a l a n c e  o f  consump- 
t i o n  b a s i n g  on p a r t i a l  b r a n c h  
b a l a n c e s  
C o r r e l a t i o n  Methods 
E x t r a p o l a t i o n  Methods d i r e c t  and i n d i r e c t  e x t r a p o l a t i o n  
Ba lance  Methods 
I n d u s t r y  c o r r e l a t i o n  w i t h  g r o s s  p r o d u c t i o n  
c o r r e l a t i o n  w i t h  f u n d a m e n t a l  means 
development  
c o r r e l a t i o n  w i t h  p o p u l a t i o n  development  
S t r u c t u r a l  A n a l y s i s  
T r a n s p o r t a t i o n  
A g r i c u l t u r e  
Household and 
M u n i c i p a l  S p h e r e  
development  o f  t r a n s p o r t a t i o n  s t r u c t u r e  
s p e c i f i c  e n e r g y  consumpt ion  
spec  i f  i c  ene rgy  consumpt ion  
development  o f  a g r i c u l t u r a l  p r o d u c t i o n  
development  o f  p o p u l a t i o n  
development  of t h e  number o f  f l a t s  
s p e c i f i c  e n e r g y  consumpt ion  
development  o f  i n d i v i d u a l  t r a n s p o r t a t i o n  
1 
I f i d u s t r y  i n t e r n a l  s t r u c t u r e  o f  t h e  e n e r g y  
s e c t o r  i n  r e l a t i o n  t o  s u p p l y i n g  t h e  
i n d u s t r y  w i t h  e n e r g y  
A - TOTAL 
B - INDUSTRY 
C - NON-PRODUCTION SPHERE 
D - AGRICULTURE 
E - TRANSPORT 
FIGURE 1. FINAL CONSUMPTION OF ENERGY 
(AFTER [ G I ) .  
It appears appropriate to predict the development of the final 
energy consumption for all these consumption spheres independently 
with the aid of extrapolation, correlation, analytical and balance 
methods. Thereby the following main influences are assumed. 
We arrive at acceptable conclusions by applying the correlation 
methods in the sphere of manufacturing and construction industries 
when the development of consumption is determined as a function of 
gross production, of the development of the fundamental means of 
production, of the number of inhabitants, etc. When further dividing 
the final energy consumption in this sphere we take into con- 
sideration the increased use of liquid fuels for some technologies 
and principally a progressive electrification of final consumption 
(see Figure 2) . 
The investigation of the development of energy consumption in 
transportation (not including individual transportation) requires 
~elatively profound analytical work. It results from a successive 
retiring of the steam traction engines and their complete 
replacement by electric and diesel traction engines together with a 
simultaneous increase of the volume of road transportation. The 
substantial increase in the effectiveness of energy consumption in 
electric and the diesel traction engines (in comparison with stream 
traction engines) will exert a fuel-saving influence up till the 
end of the century and even bring about a decrease in final energy 
consumption in this sphere. 
With respect to the limited fund of soil the most substantial 
influence affecting the development of the final consumption in 
agriculture is exerted by the intensification of agricultural pro- 
duction and by its mechanization. Mobile drives which are used in 
an ever wider scope need a sufficient quantity of liquid fuels. 
The last sphere of the final consumption in which we assume a fast 
development is the non-production sphere where several significant 
factors make themselves felt. On one hand there is a rising demand 
for comfort necessitating an increased number of flats, a 
decreased number of persons living in a single flat, an increased 
consumption of energy for heating, air conditioning, for water 
A - NUCLEAR POWER 
B - NATURAL GAS 
C - LIQUID FUELS 
D - SOLID FUELS 
F l  GU RE 2 .  PRIMARY ENERGY SOURCES (AFTER [GI). 
heaters and other thermal processes. On the other hand the develop- 
ment of individual transportation brings about high demands on 
liquid fuels (later probably on gaseous fuels and on electricity). 
For this reason, the estimate of the development of the final 
energy consumption in individual branches under study also involves 
the investigation of the probable development of the final con- 
sumption structure respecting a certain interchangeability of 
individual forms. 
Some Results and Experience 
Electricity Consumption 
Let us introduce some results of the forecasts obtained by 
the above-mentioned methods in order to illustrate Some of their 
qualities and possibilities (Table 5) using statistical data to 
1972. 
The forecasts in Group A are given only for the purpose of 
comparison since the exponential development taken as basis of 
curve 1 is not typical for the attained level of the development. 
As a result of this we obtain too high values for more distant 
periods of time. On the other hand, the logistic curve did not 
prove good in the given case because its application leads to 
too low a point of saturation, as well as to very fast 
stagnation of development (d = 103.2) . 
Group B mentioned below illustrates some tendencies of the 
forecasts based on the extrapolation. The progressive decrease of 
annual relative increments is characteristic for curves 3-4; 
Gompertz's function used for elaborating the forecasts 6-7 
possesses this quality for a certain combination of parameters 
and is characterized by a certain point of saturation. Curves 
Table 5. Some results of the forecasts of electricity 
consumption in TWh/year (lo6 kilowatt-hours). 
Group 
A 
B 
C 
D 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Method 
exponential 
line 
logistic 
curve 
modif fed 
exponential 
line 
K-trans forma- 
t ion 
parabola 
2nd degree 
Gompertz's 
function 
Gompertzls 
function 
Felix s 
met hod 
correlation 
met hod 
mult i-dimen- 
sional 
correlation 
multi-dimen- 
sional 
correlation 
Year 
Note 1 
6-7 reflect the consequences of using the time series with 
different lengths; a shorter time series was used in curve 7 
in order to eliminate some non-homogeneity of the original time 
series. A relatively great difference of results is characteristic 
for this group as a whole. 
In Groups C and D we have mostly used the more complicated 
prognostic processes. Curve 8 is based on the analytical 
interpretation of Felix's prognostic curves by means of Gompertz's 
function while curve 9 results from the forecast based on the 
correlation between the development of the number of inhabitants, 
the electric consumption per capita and year and the 
electricity consumption. 
Group D is based on the multi-dimensional correlation and we 
examine the influence of the specific value of forming the national 
product per capita (p) and that of the specific material consumption 
referred to a unity expended on a unity of the national income in 
two possible cases of the development of the explaining factors. 
It seems that the application of autonomc-s forecasting methods 
(independent of the development of other factors) leads, in general, 
to higher development trends than the application of methods based 
on the development of economic indicators, even when choosing 
the functions with a successive suppressing of development tendencies. 
In addition, the application of more complicated methods with a 
higher number of explanatory factors enables one to narrow down 
the zone of future development forecasts. It may be assumed that 
the construction of more complicated models--which is by no means 
a trivial matter--will result in the increased reliability 
of forecasting. 
The analysis of the preceding conditions reveals that the con- 
sumption of electricity is to a high extent inversely related to 
the attained rate of developing the electric power system's 
generation basis. In the prospective view, this fact leads to the 
construction of a model based on describing the development of 
demand and of supply. A model which could reflect the influence of 
limitations affecting the development of the electric power system 
(available investment or also manpower) is also considered. 
The Delphi Method 
To form a more precise conception of the long-term development 
of the electric power system, we have lately made an attempt to use 
the method of a collectively undertaken expertise, that is one of 
the modifications of the Delphi method. The method was oriented 
to the evaluation of a wider scope of prognostic problems but we 
shall present only those results which concern the development of the 
consumption of electricity and heat. 
The basic features of the applied procedure were the following: 
the use of questionnaires, anonymous collective work, iterative 
sharpening of results, evaluation of the experts' qualifications 
and a statistical evaluation of the obtained answers. 
The group of about thirty-five experts were given in advance 
prepared questionnaires including multiple-choice answers. In the 
first stage the expert chose a certain variant for each answer and, at 
the same time, he evaluated his own qualifications to answer the 
given question by using a scale from 0 to 4. The next stage was more 
objective in evaluating the qualifications of the experts and used 
the following main criteria: age, scientific degree, published 
works in the given field and on other subjects, scientific and 
organizational activities, functions, activity in international 
organizations, knowledge of foreign languages, sources of professional 
argumentation, etc. The highest attainable qualification was 
evaluated by a mark of 10. 
In the second stage the expert worked also with alternative 
answers but he had been acquainted with the prevailing answers from 
the first stage of work. The stability of opinions was evaluated 
statistically. 
In the domain of the energy consumption we have examined two 
groups of questions. The first group of questions was concentrated 
on the consumption of electricity and the second on the consumption 
of heat. Let us present some results. 
Consumption of Electricity 
The qualifications of the experts to convey their opinion of 
this group of questions ranged from 11.55 to 4.72. 
According to collective opinion, the Czechoslovak electric 
power system will attain the consumption level of 30,000 kWh/capita/ 
year in the twenties of the next century. This answer is attained 
with a stability of opinion of 43.6%. This consumption will 
approach the inflex point of the development curve (stability 
of opinion, 50.3%). At this level of electrification representing 
about 600 TWh/year the non-production consumption will amount to 
about 50% (stability of opinion, 48.5%) while the share of the 
automatized manufacturing processes in the whole productive con- 
sumption will attain about 50% (stability of opinion, 66.7%). It 
is assumed that at that time a high share of consumers-controllers 
(stability of opinion 75.72) will permit a marked equalization of 
the load curve in the electric power system. 
Consumption of Heat 
The mean qualification of experts in this group of questions 
was estiamted by a lower mark of only 3.41%-3.33%. According to 
the experts' collective opinion the heat generated in atomic power 
plants and electric heating will participate in the heat supply in 
the given prognostic period. The heat generated in atomic power 
plants would be used in the plants' proximity (stability of opinion, 
90.8%) and the remaining demand for heat will be covered by 
electricity used as a secondary source of energy (stability of 
opinion, 99.1%). 
It should be pointed out that the answers obtained have a 
statistical character which must be respected. The results 
cannot unambiguously confirm or exclude a certain alternative; 
they can therefore be taken only as a correction factor for 
the orientation of prognostic considerations. 
Many methodological questions about this procedure are not 
completely solved. The statistical means for evaluating the 
statistical significance of alternative answers are not sufficiently 
elaborated mainly in the fact that the behavior of the expert may 
not be considered as random. The analysis of the results of the 
experiment enabled us to recognize a relatively high internal 
dependence of certain groups of experts. 
We intend to undertake a further elaboration of this method in 
the near future, and, after obtaining the fundamental information, 
we are going to work with a subpanel of experts. 
Energy Consumption 
As for the consumption of all forms of energy we may mention 
two prognostic results for comparison reasons. One of them was 
obtained based on the results of the international comparison 
using Felix's curves. The analysis of the preceding curves revealed 
that the development in Czechoslovakia varies about the value of 
101.5% of the world median. By means of the above curves we have 
obtained the first forecast given in Table 6. The second forecast was 
obtained by using the procedure described in the foregoing chapter of the 
paper, that is by means of analyzing the development of the final 
consumption in the particular branches in view of the progressive 
electrification of energy balance and of the development of volmes 
of the processes for refining and transforming the energy. 
Table 6. Consumption of energy in lo6 tce. 
For the interval of time till the end of the century the 
Felix's method 
Method according to [61 
forecasts obtained by using both methods are sufficiently close. 
A more distinct difference can be found in the results for the 
year 2030. This is probably due to the fact that, while Felix's 
curves are based on a certain natural and continuous development 
of the developed energy economies, the second forecast reflects 
the influence of exhausting the fossil energy sources and, for 
this reason, also the intensive electrification of the balance 
accompanied by a fast increase of the total demands on primary 
energy sources. 
1980 
126.1 
119.6 
Conclusions 
This concise report can hardly give a comprehensive view of 
all aspects of the activity undertaken by the Power Research 
Institute in the field of forecasting the consumption of energy. 
It should be noted that further attention is drawn to the random 
component of the forecast, as well as to seasonal and cyclic com- 
ponents which are of importance for more detailed considerations 
1990 
168.8 
176.6 
involving the reliability of the energy supply, the accumulation 
of energy, etc. The present-day work is prospectively oriented 
toward the investigation of the uncertainty of forecasts with the 
aim of using the obtained information for preparing decisions 
under conditions of uncertainty for future developments, and toward 
the elaboration of more compact models for forecasting all forms 
of energy. 
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Discuss ion  
Sweeney 
I was r a t h e r  impressed l i s t e n i n g  t o  Lencz 's  p r e s e n t a t i o n .  
I t  seems l i k e  a  very  s e n s i b l e  way t o  e s t i m a t e  t h e  demands f o r  
v a r i o u s  f u e l s .  He has chosen a number of a l t e r n a t i v e  procedures 
and, no t  s u r p r i s i n g l y ,  he has  found t h a t  each procedure g i v e s  
a  very  d i f f e r e n t  e s t i m a t e  of t h e  demand f o r  energy i n  1985. 
One q u e s t i o n  I ask  is:  Now what? How do you then  s t a r t  t a k i n g  
t h e s e  v a r i o u s  demand e s t i m a t e s ,  which va ry  ove r  a  2:1 range 
and come t o  something more comprehensive? I am a l s o  concerned 
t h a t  t h e r e  were no comments on i n c e n t i v e  s t r u c t u r e .  Although 
Lencz is d e a l i n g  wi th  a  planned economy, i n d i v i d u a l s  can s t i l l  
choose how much e l e c t r i c i t y  t hey  wish t o  use  f o r  v a r i o u s  func- 
t i o n s .  I t  seems t o  me t h a t  i n c l u d i n g  some n o t i o n  of t h e  incen-  
t i v e  s t r u c t u r e s  i n  t h e  econometr ics  would be u s e f u l .  For 
example, t h e  u se  of shadow p r i c e s  a s  independent  v a r i a b l e s  i n  
t h e  r e g r e s s i o n  may prove u s e f u l .  
Waverman 
I j o i n  Sweeney's ques t ion :  Which one of t h o s e  fo re -  
c a s t i n g  methods do you p i ck ,  when you have f i v e  p o s s i b l e  methods? 
Which of  t h o s e  f o r e c a s t s  do you use  a s  t h e  b a s i s  f o r  p o l i c y  and 
how do you f o r e c a s t  your exogenous v a r i a b l e s ?  I f  you a r e  u s ing  
t h e  same range  of techniques  f o r  t h o s e  a s  you a r e  f o r  energy 
then  you have f i v e  t imes  f i v e  o r  twenty- f ive  p o s s i b l e  f o r e c a s t s .  
I am n o t  s u r e  how a l l  t h a t  would work and I would l i k e  t o  see 
some k ind  of a d a p t i v e  mechanism--learning from what has  happened 
i n  t h e  l a s t  few years--so t h a t  i f  you a r e  wrong t h e  model can 
p i ck  t h a t  up even i f  it i s  on ly  a  k ind  of Box-Jenkins t i m e  series 
e x t r a p o l a t i o n .  I n  terms of  Delphi  t echn iques ,  I have never  been 
impressed by t h e s e .  I would l i k e  t o  use  t h a t  survey  technique  
today i n  t h i s  room on t h e  p r i c e  of o i l  i n  1980 and s e e  t h e  con- 
c l u s i o n s  on t h a t .  
Lencz 
Delphi  r e s u l t s  a r e  used only  a s  a  c o r r e c t i v e  f a c t o r  f o r  
b e t t e r  o r i e n t a t i o n .  They have a  s t a t i s t i c a l  c h a r a c t e r ,  and 
they  cannot  confirm o r  exclude a  c e r t a i n  a l t e r n a t i v e .  A s  f o r  
t h e  r e s u l t s  of f o r e c a s t s ,  be fo re  us ing  them, they  a r e  d i scussed  
and eva lua t ed  wi th  a  wide group of e x p e r t s .  The f i n a l  product  
is a  r e s u l t  of t h e i r  d e c i s i o n s .  We f e e l  t h a t  t h e  scope of t h e  
e l e c t r i c  power system w i l l  n o t  be s u f f i c i e n t  f o r  e l e c t r i c  
energy f o r e c a s t i n g .  The way t o  c o n s t r u c t  more comprehensive 
models of t h e  energy systems i s  t o  r e s p e c t  t h i s  in terchange-  
a b i l i t y  of i n d i v i d u a l  forms of  energy. 
Effects of Increasing the Use of Electricity on Environmental 
Quality in the US: A Model of Power Generation and 
the Policy Issues Raised by Its Application 
T. D. Mount and L. D. Chapman 1 
Introduction 
In 1974, the total quantity of electricity generated by 
the utility industry in the US was almost the same as it had 
been in 1973. This represented a dramatic departure from the 
experience of the previous twenty-five years, as generation 
levels had grown steadily at an annual rate of about 7% from 
the end of World War I1 up to the early 1970's. A major 
question now facing the electric utility industry is whether 
the level of generation in 1974 reflects a temporary phenomenon 
brought about by the economic recession and by a public response 
to the "energy crisis," or a more substantial change in certain 
factors which influence the quantity of electricity demanded. 
This question is addressed in the first part of our paper 
through the use of an econometric model of the demand for 
electricity. 
In response to the recent large increase in the price of 
imported oil, government officials have considered various 
measures for reducing the quantity of oil imported. Such 
measures are typified by the Project Independence Blueprint 2 
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publ i shed  by t h e  Fede ra l  Energy Adminis t ra t ion  i n  1974. The 
s u b s t i t u t i o n  of e l e c t r i c i t y ,  genera ted  from c o a l  o r  nuc l ea r  
f u e l ,  f o r  o i l  and n a t u r a l  ga s  is  one obtrious p o l i c y  
a l t e r n a t i v e .  However, t h e  s u c c e s s f u l  implementation of such 
a p o l i c y  could have s e r i o u s  environmental  consequences. I n  
t h e  second p a r t  of t h i s  paper ,  one of t h e  major problems 
a s s o c i a t e d  wi th  i n c r e a s i n g  t h e  gene ra t ion  of e l e c t r i c i t y  from 
c o a l  i s  i n v e s t i g a t e d ,  namely, i t s  e f f e c t  on t h e  l e v e l s  and 
r e g i o n a l  d i s t r i b u t i o n  of t h e  emiss ions  of s u l f u r  ox ides .  
There a r e  two p a r t s  t o  t h i s  a n a l y s i s .  F i r s t ,  t h e  consequences 
of i nc reased  l e v e l s  of s u l f u r  ox ides  on h e a l t h  a r e  p r e d i c t e d ,  
and he re  we draw e n t i r e l y  on t h e  work of J .F .  F ink lea ,  
G.G.  Akland, R. I.  Larsen and 1J.C. Wilson a t  t h e  Nat iona l  
Environmental Research Center  i n  North Ca ro l ina .  Second, we 
cons ide r  a l t e r n a t i v e  government p o l i c i e s  f o r  en fo rc ing  s t anda rds  
on t h e  l e v e l s  of s u l f u r  ox ides  emi t t ed  by e l e c t r i c  u t i l i t y  
companies. The consequences of t h e s e  p o l i c i e s  on h e a l t h  and on 
t h e  q u a n t i t y  of e l e c t r i c i t y  demanded a r e  t hen  p r e d i c t e d .  For  
t h e  l a t t e r  p r e d i c t i o n ,  t h e  c o s t  of c o n t r o l l i n g  t h e  emiss ion  of 
s u l f u r  ox ides  is  assumed t o  be passed on t o  customers i n  t h e  
form of h ighe r  p r i c e s  f o r  e l e c t r i c i t y .  A more d e t a i l e d  account  
of t h i s  a n a l y s i s  i s  conta ined  i n  a  r e p o r t  prepared by t h e  Task 
Force on Conservat ion and Fuel  Supply f o r  t h e  Na t iona l  Power 
Survey. The r e p o r t  w i l l  be publ i shed  i n  t h e  near  f u t u r e  by t h e  
Fede ra l  Power Commission. 3 
F i n a l l y ,  t h e  g e n e r a l  i m p l i c a t i o n s  of ou r  r e s u l t s  f o r  
government p o l i c i e s  toward t h e  product ion  of energy and t h e  
q u a l i t y  of t h e  environment a r e  d i s cus sed .  We conclude t h a t  
t h e r e  has  been i n s u f f i c i e n t  emphasis on measures f o r  i n f luenc ing  
3 L.D. Chapman, G.G. Akland, J .F.  F ink lea ,  R . I .  Larsen,  
T.D. Mount, W.C. Nelson, D.C. Quig ley ,  and W.C. Wilson, 
"Power Generat ion:  Conservat ion,  Heal th ,  and Fuel  Supply,"  d r a f t ,  
a  r e p o r t  t o  t h e  Task Force on Conserva t ion  and Fuel  Supply, 
Technica l  Advisory Committee on Conserva t ion  of Energy, 1973 
Nat iona l  Power Survey, US Fede ra l  Power Commission. 
the demand for, as opposed to the supply of, energy. To 
illustrate this point, an attempt is made to determine the 
consequences of modifying existing rate schedules for 
electricity by charging the same price to all classes of 
customers and to all customers within each class. 
Forecasting the Demand for Electricity 
At fairly regular intervals, the Federal Power Commission 
conducts a National Power Survey. One aspect of this survey 
has been the aggregation of forecasts presented by individual 
utility companies to nine different National Electric 
Reliability Councils (NERC) representing specified regions in 
the US. The aggregate forecasts for the US published by the 
5 NERC in 1 9 7 3 ~  and in 1974 are summarized in Figure 1 together 
with the actual levels of generation for the years 1965 to 
1974.~ The forecast made in 1973 is effectively an 
extrapolation of the past growth rate (since the vertical scale 
is logarithmic, a straight-line forecast corresponds to a 
constant rate of growth). However, the unexpectedly low levels 
of generation experienced since the latter part of 1973 resulted 
in a revision of this forecast. The forecast made in 1974 has 
almost the same slope as the earlier forecast, but it is slightly 
displaced to the right. This implies that the reduced growth 
rates of generation were interpreted as a temporary aberration. 
A "normal" growth rate was expected to resume after a delay of 
4~ederal Power Commission, "Utility Fuel Requirements, 
1974-2000," draft, Task Force on Utility Fuels of the National 
Power Survey, 1973. 
5~ederal Power Commission, FPC News, z, 26 (June 28, 1974). 
6~dison Electric Institute, Statistical Year Book, 
1965-1973, and Survey of Current Business. 

one year. However, things have still not returned to "normal" 
in most parts of the country, and as a result another forecast 
has been prepared by the NERC. Although this forecast has not 
yet been published by the Federal Power Commission, the main 
conclusion is that the anticipated growth rate for the industry 
as a whole will be sonewhat lower than the rate previously 
f~recast.~ This suggests that some long-tern changes in the 
behavior of the demand for electricity have been recognized by 
some companies. A similar chain of events is clearly 
illustrated by the three forecasts published in 1973, 1974, 
and 1975 by the New York Power Pool (NYPP) . These forecasts 
are presented in Figure 2 together with the actual levels of 
generation in New York State from 1965 to 1974. 
One objective of our research during the past four years 
has been to estimate econometric models of the demand for 
electricity, and to use these models to forecast future levels 
of generation of electricity in the US. In these models, the 
quantity of electricity demanded is related to various economic 
and demographic factors, and the magnitudes of the relationships 
for each factor are estimated from observed levels of the 
factors and the corresponding quantities demanded. There are 
four characteristics of our models which are important for 
forecasting purposes. These are: 
1 )  The models are estimated for three different classes 
of consumer which together account for about 95% of 
total sales. Many studies consider only the 
residential sector which represents about 30% of 
sales. 
7~rivate communication with Dan Lewis, Director of the 
National Power Survey, Federal Power Commission. 
'~ew York Power Pool, Annual Report Pursuant to Article 
VIII, Section 149-B of the Public Service Law. 
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Each model is  dynamic t o  a l l ow  f o r  t h e  g r a d u a l  
ad jus tment  of demand t o  changes i n  any of t h e  
exp l ana to ry  f a c t o r s .  T h i s  ad ju s tmen t  p r o c e s s  
r e f l e c t s  t h e  i n e v i t a b l e  d e l a y s  i n  modifying 
e x i s t i n g  s t o c k s  of e l e c t r i c a l  a p p l i a n c e s  and 
machinery,  and it is  a n  impor t an t  f e a t u r e  of 
demand f o r  p r e d i c t i n g  t h e  s h o r t - r u n  e f f e c t s  of 
d i f f e r e n t  p o l i c i e s .  T h i s  p r o c e s s  i s  g e n e r a l l y  
ignored  i n  models which a r e  e s t i m a t e d  e x c l u s i v e l y  
from c r o s s - s e c t i o n  d a t a .  
3 )  The p r i c e s  of s u b s t i t u t e  f u e l s  such  a s  n a t u r a l  g a s ,  
o i l  and c o a l  a r e  i nc luded  a s  exp l ana to r y  f a c t o r s .  
I n  s p i t e  o f  t h e  obvious  importance of s u b s t i t u t i o n  
e f f e c t s  on t h e  demand f o r  e l e c t r i c i t y ,  t h e  on ly  
p r i c e  used i n  some s t u d i e s  i s  t h a t  o f  e l e c t r i c i t y .  
4 )  Since  t h e  d a t a  used f o r  e s t i m a t i o n  a r e  f o r  
i n d i v i d u a l  s t a t e s  i n  t h e  US, it is  p o s s i b l e  t o  do 
a  r e l a t i v e l y  d e t a i l e d  a n a l y s i s  o f  t h e  e f f e c t s  o f  
a l t e r n a t i v e  p o l i c i e s ,  p a r t i c u l a r l y  t h o s e  r e l a t i n g  
t o  env i ronmenta l  i s s u e s ,  on d i f f e r e n t  r e g i o n s .  
Models e s t i m a t e d  from n a t i o n a l  d a t a  a r e  less 
s u i t a b l e  f o r  such a n a l y s e s .  
A s e p a r a t e  s i n g l e  e q u a t i o n  model f o r  t h e  r e s i d e n t i a l ,  
commercial and i n d u s t r i a l  s e c t o r s  i s  e s t i m a t e d  from pooled 
c r o s s - s e c t i o n  ( t h e  Fo r ty - e igh t  con t i guous  s t a t e s )  and 
t i m e - s e r i e s  ( t h e  y e a r s  1963 t o  1972) d a t a .  Each model i s  
l i n e a r  i n  l oga r i t hms ,  and a  p a r t i a l  ad ju s tmen t  mechanism 
( a  d i s t r i b u t e d  l a g  w i t h  g e o m e t r i c a l l y  d e c l i n i n g  we igh t s )  i s  
s p e c i f i e d .  Random c r o s s - s e c t i o n  e f f e c t s  a r e  i n c l u d e d ,  and an  
approximate g e n e r a l i z e d  l e a s t  s q u a r e s  e s t i m a t o r  i s  used .  A 
more d e t a i l e d  account  of t h e  models and t h e  e s t i m a t i o n  
procedure  i s  p r e sen t ed  i n  t h e  Appendix. 
The impor t an t  f e a t u r e s  o f  t h e  e s t ima t ed  models a r e  
summarized i n  Table  1  i n  terms of  t h e  long-run e l a s t i c i t i e s  
Table 1. Estimated long-run elasticities 1) 
of demand for electricity. 
Class of Customer Explanatory 
Factor 2) Residential Commercial Industrial 
1. Number of Customers 1.01 .92 .65 
2. Income per Capita .61 -23 .32 
3. Price of Electricity -1.17 -1.22 -1 .OO 
4. Price of Natural Gas .03 -00 .00 
5. Price of Oil .09 
3 .61 .64 6. Price of Coal .ll 
7. Price of Electric .00 .00 -.I6 
Equipment 
8. Gross National Product 4, - - .50 
Percentage Adjustment 
Occurring in the First .27 -45 .27 
Year 
"The long-run elasticity is the percentage change in 
the quantity demanded after all adjustments have been 
completed in response to a 1% increase of an explanatory 
factor (all other factors remain constant). 
2)~11 variables measured in dollars are deflated. 
"The prices of oil and coal are combined into ,a single 
index for the residential and commercial sectors. 
4, Income per capita is a measure of affluence within 
each state, whereas the gross national product is a measure 
of national affluence. 
(de f ined  i n  Table 1 )  f o r  each of  t h e  major explanatory  
f a c t o r s .  A number of  o t h e r  f a c t o r s  inc luded i n  t h e  models 
f o r  e s t i m a t i o n  purposes a r e  no t  d i scussed  h e r e  ( s e e  Appendix). 
The p r i c e  of e l e c t r i c i t y  is found t o  have t h e  l a r g e s t  
e l a s t i c i t y  i n  a l l  t h r e e  s e c t o r s ,  fol lowed by t h e  number of 
customers ( r e f l e c t i n g  t h e  s i z e  of t h e  p o p u l a t i o n ) .  Income 
and t h e  p r i c e s  of s u b s t i t u t e  f u e l s  have r e l a t i v e l y  smal l  
e l a s t i c i t i e s ,  a l though i n  t h e  i n d u s t r i a l  s e c t o r ,  t h e  
e l a s t i c i t y  f o r  t h e  g r o s s  n a t i o n a l  product  e n l a r g e s  t h e  
o v e r a l l  e f f e c t  of income. I t  i s ,  however, r a t h e r  s u r p r i s i n g  
t h a t  t h e  e s t ima ted  e l a s t i c i t i e s  f o r  n a t u r a l  g a s  a r e  s o  low 
i n  a l l  s e c t o r s .  
One impor tant  imp l i ca t ion  of t h e  e l a s t i c i t i e s  presented  
i n  Table 1  i s  t h a t  t h e  p r i c e  of  e l e c t r i c i t y  i s  a  major 
de terminant  of t h e  q u a n t i t y  of e l e c t r i c i t y  demanded. 
Consequently, t h e  growth of demand up t o  t h e  e a r l y  1970 's  
can  be p a r t l y  expla ined  by t h e  dec rease  which occurred  i n  t h e  
p r i c e  of e l e c t r i c i t y ,  r e l a t i v e  t o  t h e  p r i c e s  of s u b s t i t u t e  
f u e l s  and t o  t h e  gene ra l  l e v e l  of p r i c e s ,  a s  w e l l  a s  t o  
i n c r e a s i n g  popula t ion  and a f f l u e n c e .  S ince  s i m i l a r  p r i c e  
dec reases  a r e  no t  expected t o  occur i n  t h e  f u t u r e ,  a  
r educ t ion  i n  t h e  growth of  demand f o r  e l e c t r i c i t y  may be 
a n t i c i p a t e d .  Inc reas ing  p r i c e s  of s u b s t i t u t e  f u e l s  tend t o  
o f f s e t  t h i s  e f f e c t ,  bu t  lower growth r a t e s  f o r  popula t ion  and 
r e a l  income w i l l  a l s o  c o n t r i b u t e  t o  a  r educ t ion  i n  t h e  growth 
of t h e  use  of e l e c t r i c i t y .  
The a c t u a l  l e v e l  of e l e c t r i c i t y  demanded depends on t h e  
combined e f f e c t  of  a l l  of t h e  explanatory  f a c t o r s .  Fo recas t s  
can  only be made i f  t h e  l e v e l s  of t h e s e  f a c t o r s  a r e  s p e c i f i e d .  
To i l l u s t r a t e  t h i s  procedure,  r e c e n t  f o r e c a s t s  of t h e  
explanatory  f a c t o r s  were taken  from v a r i o u s  sou rces  ( s e e  
f o o t n o t e  t h r e e  above) ,  and t h e  corresponding growth r a t e s  
f o r  each f a c t o r  a r e  summarized i n  Table 2 .  This  informat ion  
provides  a  b a s i s  f o r  f o r e c a s t i n g  t h e  s a l e s  of e l e c t r i c i t y  f o r  
t h e  t h r e e  consumer c l a s s e s  i n  each s t a t e .  The sum of s a l e s  i n  
Table 2. Growth rates of the explanatory factors 
used to forecast generation. 
Explanatory Factor 1) Annual Growth Rate 2 1 
1. Number of Customers 3 1 1.4% average 4 1 
2. Income per Capita 2.9% average 4 1 
3. Price of Electricity 5.0% 
4. Price of Natural Gas 5 1 7.0% 
5. Price of Oil 5 1 9.0% 
6. Price of Coal 5 1 7 .O% 
7. Price of Electric Equipment 0.0% 
8. Gross National Product 4.0% 
- - -  - - 
"A11 variables measured in dollars are deflated. 
 h he base year is 1972. 
3)~ssumed to be proportional to population. 
4)~hese rates vary between states, and are taken iron 
the bureau of economic analysis. 
"~hese rates are derived from a study of the availability 
and prices of energy conducted at the MIT Energy Laboratory. 
t h e  t h r e e  s e c t o r s  i s  t h e n  conve r t ed  t o  t h e  t o t a l  g e n e r a t i o n  
of e l e c t r i c i t y  by assuming t h a t  t h e  r a t i o  of g e n e r a t i o n  t o  
t h e  sum of s a l e s  remains t h e  same a s  t h e  v a l u e  observed  i n  
1972 i n  each s t a t e .  F o r e c a s t s  of t h e  g e n e r a t i o n  i n  each  
s t a t e  c an  t h e n  be  aggrega ted  t o  t h e  r e g i o n s  covered by t h e  
NERC o r  t o  t h e  n a t i o n a l  l e v e l .  The e x a c t  r e g i o n s  covered by 
t h e  NERC a r e  shown i n  F i g u r e  3. 
I n  Tab l e  3 ,  f o r e c a s t  l e v e l s  of g e n e r a t i o n  f o r  1980 
d e r i v e d  from o u r  models (CM) a r e  p r e s en t ed  t o g e t h e r  w i t h  t h e  
c o r r e spond ing  f o r e c a s t  pub l i s hed  by t h e  NERC i n  1973. I n  
a d d i t i o n ,  a c t u a l  l e v e l s  of g e n e r a t i o n  i n  1972 a r e  i nc luded  
f o r  compara t ive  purposes .  Obviously,  ou r  f o r e c a s t  f o r  1980 
i s  c o n s i d e r a b l y  lower t h a n  t h e  l e v e l  f o r e c a s t  by t h e  NERC. 
Comparing t h e  n i n e  r e g i o n s ,  t h e  i n c r e a s e s  o f  g e n e r a t i o n  from 
1972 t o  1980 r ange  from 70% t o  105% f o r  t h e  NERC's f o r e c a s t s ,  
b u t  r ange  from 16% t o  38% f o r  o u r  f o r e c a s t s .  T h i s  d i f f e r e n c e  
is a l s o  i l l u s t r a t e d  i n  F i g u r e s  1  and 2  f o r  t h e  US and f o r  
N e w  York S t a t e .  Our f o r e c a s t s ,  which a r e  v e r y  s i m i l a r  t o  
e a r l i e r  f o r e c a s t s  which w e  pub l i s hed  i n  1972,' a r e  much lower 
t h a n  any of t h e  v a r i o u s  f o r e c a s t s  made by t h e  NERC o r  by t h e  
NYPP. Although one can  a rg ue  w i th  t h e  accu r acy  of t h e  
e s t i m a t e d  e l a s t i c i t i e s  i n  Table  1  o r  w i t h  t h e  p l a u s i b i l i t y  of 
t h e  growth r a t e s  i n  Table  2  and hence w i th  ou r  s p e c i f i c  
f o r e c a s t s ,  t h e  r e s u l t s  of o t h e r  economet r ic  s t u d i e s  of t h e  
demand f o r  e l e c t r i c i t y  g e n e r a l l y  imply c o n c l u s i o n s  s i m i l a r  t o  
o u r s .  Consequent ly ,  w e  b e l i e v e  t h a t  t h e  growth r a t e s  f o r  
g e n e r a t i o n  c u r r e n t l y  planned by t h e  u t i l i t y  i n d u s t r y  a r e  i n  
g e n e r a l  u n r e a l i s t i c a l l y  h igh .  
Even though some e l e c t r i c  u t i l i t y  companies u s e  
economet r ic  models f o r  f o r e c a s t i n g  pu r pos e s ,  many members of 
t h e  i n d u s t r y  a r e  openly  s k e p t i c a l  of f o r e c a s t s  which a r e  lower 
t h a n  t h e i r  own. One c r i t i c i s m  which is  o f t e n  r a i s e d  i s  t h a t  
models e s t i m a t e d  from d a t a  c o l l e c t e d  du r ing  a  p e r i o d  i n  which 
'L.D. Chapman, T. J .  T y r r e l l ,  and T.D. Mount, " E l e c t r i c i t y  
Demand Growth and t h e  Energy C r i s i s , "  Sc i ence ,  178, 4062 
(November 19721, 703-708. 

T a b l e  3. A l t e r n a t i v e  forecasts of t h e  g e n e r a t i o n  of 
e l e c t r i c i t y  i n  1980.  
P e r c e n t a g e  
Increase 
G e n e r a t i o n  in B i l l i o n  Kilmatt I3m.r~ F r a n  1972 
O b s e r v e d  L e v e l  N E R C ~ )  C M ~  ) NERC CM 
R e g i o n  i n  1972  1 )  
1. NPCC 170.2 295.3 207.4 7 4 2 2 
3. SERC 350.0 718.6 450.6 105 2 9 
4. ECAR 308.0 522.8 378.3 7 0 23 
5. MAIN 129.8 229.4 159.8 7 7 2 3 
6. SWPP 137 .7  273.5 182.3 9 9 3 2 
7. ERCOT 106.1  203.5 146.4 9 2 3 8 
9. WSCC 330.4 566.8  445.1 7 2 3 5 
' T h e  regional  b r e a k d o w n  for  1972  w a s  prepared b y  
W i l l i a m  B a l e t ,  F e d e r a l  P o w e r  C o m m i s s i o n .  
2, P u b l i s h e d  i n  19 73. 
t h e  r e a l  p r i c e s  of e l e c t r i c i t y  were f a l l i n g  a r e  u n r e l i a b l e  
when p r i c e s  a r e  i n c r e a s i n g .  S ince  d a t a  e x i s t s  f o r  pe r iods  
i n  which p r i c e s  have inc reased ,  a n  a t t e m p t  was made t o  
de te rmine  whether demand responded i n  an  unusual  way t o  t h e s e  
i n c r e a s e s .  I t  should  be noted t h a t  d a t a  f o r  1974 a r e  n o t  y e t  
publ i shed ,  and d a t a  f o r  1973 a r e  s t i l l  being  processed ,  and 
consequent ly ,  it w i l l  be  i n t e r e s t i n g  t o  r e p e a t  t h i s  t ype  of 
a n a l y s i s  when newer d a t a  a r e  a v a i l a b l e .  
The s p e c i f i c  o b j e c t i v e  i s  t o  determine whether t h e  
magnitudes of t h e  r e l a t i o n s h i p s  f o r  i n d i v i d u a l  f a c t o r s  a r e  
i n f luenced  by p r i c e  i n c r e a s e s .  I t  i s  assumed t h a t  t h e  
long-run c h a r a c t e r i s t i c s  of demand a r e  unchanged, implying 
t h a t  customers have a  s t a b l e  view of t h e i r  long-run g o a l s ,  
b u t  t h e  pa th  of ad jus tment  and t h e  sho r t - run  r e l a t i o n s h i p s  
may be  a f f e c t e d .  
The p a r t i a l  ad jus tment  model used i n  o u r  a .na lys i s  may be  
c h a r a c t e r i z e d  by two exp res s ions .  To s i m p l i f y  t h e  n o t a t i o n ,  
on ly  a  s i n g l e  explana tory  f a c t o r  i s  e x p l i c i t l y  i d e n t i f i e d ,  
and wi th  t h i s  s i m p l i f i c a t i o n ,  t h e  two exp res s ions  may be 
w r i t t e n  
where 
yt is  t h e  a c t u a l  l e v e l  of t h e  dependent v a r i a b l e  
( l oga r i t hm of q u a n t i t y  demanded) a t  t ime t ;  
* 
Yt i s  t h e  d e s i r e d ,  b u t  unobserved, l e v e l  of t h e  
dependent v a r i a b l e ,  and (1 - A )  i s  t h e  p ropor t i on  
(0 < A < 1 )  of  t h e  ad jus tment  toward t h e  d e s i r e d  
l e v e l  which i s  a c t u a l l y  a t t a i n e d ;  
X t  i s  t h e  l e v e l  o f  t h e  e x p l a n a t o r y  v a r i a b l e  ( e . g .  
l o g a r i t h m  of  income),  and 0 r e p r e s e n t s  t h e  long- run  
e l a s t i c i t y  s i n c e  t h e  v a r i a b l e s  a r e  i n  l o g a r i t h m i c  
u n i t s ;  (1 - A ) @  is  t h e  s h o r t - r u n  e l a s t i c i t y ;  
a ,  0 and h a r e  unknown p a r a m e t e r s .  
G e n e r a l l y ,  t h e  p a r a m e t e r s  a r e  e s t i m a t e d  from t h e  f o l l o w i n g  
l i n e a r  r e l a t i o n s h i p :  
T h i s  model nay b e  g e n e r a l i z e d  t o :  
where 
- - c 9 . =  1 
1 9  = 1 a r e  unknown w e i g h t s ;  i = o  j=o j 
and N and M a r e  s p e c i f i e d  i n t e g e r s .  
I f  t h e  w e i g h t s  ( O i l s  and 9  ' s )  a r e  dependent  on t h e  r a t e  j 
of  change of t h e  p r i c e  o f  e l e c t r i c i t y  and t h e  sum of t h e  
w e i g h t s  i s  u n a f f e c t e d ,  t h e n  t h e  s h o r t - r u n  r e s p o n s e  c a n  change 
even  though t h e  long-run r e l a t i o n s h i p s  a r e  unchanged. Such 
a  m o d i f i c a t i o n  c a n  b e  deve loped  w i t h o u t  u s i n g  n o n l i n e a r  
r e g r e s s i o n   procedure^,^^ b u t  t h i s  is  n o t  t h e  c a s e  i f  A depends 
on t h e  r a t e  o f  change of  p r i c e .  For  o u r  p u r p o s e s ,  t h e  w e i g h t s  
a r e  made l i n e a r  f u n c t i o n s  of t h e  r a t e  of change of  t h e  p r i c e  
o f  e l e c t r i c i t y .  The a c t u a l  form of t h e  model e s t i m a t e d  is: 
O ~ h e  long-run e l a s t i c i t y  i s  g e n e r a l l y  computed a s  t h e  
r a t i o  o f  two d i f f e r e n t  l i n e a r  f u n c t i o n s  o f  t h e  e s t i m a t e d  
c o e f f i c i e n t s .  Our p r o c e d u r e  i m p l i e s  t h a t  t h e  v a l u e  of t h e s e  
two f u n c t i o n s  remains  c o n s t a n t .  
where 
Rt  = Max [ (P t  - Pt- l )  /Pt- l r  01 i s  t h e  r a t e  
o f  change of t h e  p r i c e ,  P t ,  i f  t h i s  i s  
- 
p o s i t i v e  o r  i s  zero ,  and y and 6 a r e  
a d d i t i o n a l  unknown parameters .  
The immediate response of Y t  t o  a  change of Xt i s  (1  - A )  6 
( 0 0  + yRtl. I f  y i s  nega t ive ,  then  t h e  shor t - run  e f f e c t  is  
s m a l l e r  when p r i c e s  a r e  i nc reas ing .  S i m i l a r l y  i f  6 is 
nega t ive ,  t hen  t h e  s t r u c t n r e  of t h e  l a g  d i s t r i b u t i o n  i s  
f l a t t e n e d ,  implying t h a t  t h e  response  i s  delayed.  
The shor t - run  response of  demand t o  t h e  p r i c e  of 
e l e c t r i c i t y  and t o  income were modified t o  account  f o r  p r i c e  
changes,  and t h e  r e s u l t s  a r e  summarized i n  Table 4 ,  and t h e  
complete models i n  Table 1 1  i n  t h e  Appendix. A d i f f e r e n c e  
between t h e  s i g n  of t h e  base  c o e f f i c i e n t  f o r  income o r  t h e  
p r i c e  of  e l e c t r i c i t y  and t h e  change of t h i s  c o e f f i c i e n t  
a s s o c i a t e d  wi th  a  p r i c e  i n c r e a s e  i n d i c a t e s  t h a t  t h e  sho r t - run  
response is reduced. I f  t h e  c o e f f i c i e n t  f o r  t h e  q u a n t i t y  
demanded i n  t h e  previous  pe r iod  i s  sma l l e r  when p r i c e  i n c r e a s e s ,  
t hen  t h e  l a g  d i s t r i b u t i o n  becomes f l a t t e r  and t h e  o v e r a l l  
response  i s  delayed.  I t  fo l lows from Table 4 t h a t  t h e  
shor t - run  responses  t o  income and p r i c e  a r e  reduced by p r i c e  
i n c r e a s e s  i n  t h e  r e s i d e n t i a l  s e c t o r ,  b u t  t h e  oppos i t e  i s  
t r u e  i n  t h e  commercial and i n d u s t r i a l  s e c t o r s .  I n  a d d i t i o n ,  
t h e  l a g  s t r u c t u r e  does g e t  f l a t t e r  i n  t h e  r e s i d e n t i a l  and 
i n d u s t r i a l  s e c t o r s  b u t  n o t  i n  t h e  commercial s e c t o r .  
However, most of t h e  t r a t i o s  f o r  t h e  a d d i t i o n a l  v a r i a b l e s  
a r e  sma l l ,  and i n  conclus ion ,  t h e r e  i s  l i t t l e  reason t o  doubt 
t h a t  demand w i l l  respond t o  p r i c e  inc reases .  
T a b l e  4. The e f f e c t  o f  i n c r e a s i n g  t h e  p r i c e  of e l e c t r i c i t y  
on t h e  s h o r t - r u n  r e s p o n s e  o f  demand. 
E s t i m a t e d  ~ o e f  f  i c i e n t s 3 )  
E x p l a n a t o r y  Time R e s i d e n t i a l  Commercial I n d u s t r i a l  
F a c t o r  P e r i o d  ~ a s e '  ) change2)  Base Change Base Change 
1.  Income p e r  T . I 3 5  
c a p i t a  (4.8 
T- 1  0.0 
2. P r i c e  o f  T -. 336 
e l e c t r i c i t y  (12 .7)  
T- 1 0.0 
3. Q u a n t i t y  T- 1  .638 
demanded (14 .6)  
T- 2  . l o o  
( 2 . 6 )  
l ) C o r r e s p o n d s  t o  t h e  e s t i m a t e d  c o e f f i c i e n t  e v a l u a t e d  when t h e  p r i c e  of e l e c t r i c i t y  
i s  d e c r e a s i n g .  
2 ) C o r r e s p o n d s  t o  t h e  e s t i m a t e d  change of t h e  b a s e  v a l u e  a s s o c i a t e d  w i t h  a 
1% i n c r e a s e  i n  t h e  p r i c e  o f  e l e c t r i c i t y .  
3, The numbers i n  p a r e n t h e s e s  a r e  t h e  a b s o l u t e  v a l u e s  o f  t h e  T r a t i o s .  
Given t h e  e x p e r i e n c e  o f  t h e  p a s t  e i g h t e e n  months,  o t h e r  
m o d i f i c a t i o n s  o f  t h e  s t r u c t u r e  o f  demand may b e  more 
a p p r o p r i a t e .  F o r  example,  d e c r e a s e s  i n  r e a l  income o r  g r o s s  
n a t i o n a l  p r o d u c t  may c a u s e  a  r e l a t i v e l y  s h a r p  r e s p o n s e  due  
t o  i n d u s t r i a l  shutdowns. Such m o d i f i c a t i o n s  c a n  be i n c l u d e d  
i n  t h e  model u s i n g  s i m i l a r  p r o c e d u r e s  t o  t h o s e  d e s c r i b e d  
h e r e .  
Emiss ions  of  S u l f u r  Oxides and H e a l t h  
I n  a d d i t i o n  t o  f o r e c a s t i n g  t h e  t o t a l  q u a n t i t y  of  
e l e c t r i c i t y  g e n e r a t e d ,  t h e  NERC a l s o  f o r e c a s t  t h e  t y p e  o f  f u e l  
u s e d  f o r  g e n e r a t i o n .  One of t h e  i m p l i c a t i o n s  of t h e i r  f o r e c a s t  
i s  t h a t  t h e  u s e  o f  c o a l  and n u c l e a r  f u e l  f o r  g e n e r a t i o n  is  
e x p e c t e d  t o  i n c r e a s e  s u b s t a n t i a l l y  more t h a n  t h e  u s e  o f  o i l  
and n a t u r a l  g a s .  However, i f  t h i s  p a t t e r n  o f  g e n e r a t i o n  i s  
a c t u a l l y  a t t a i n e d ,  t h e  l e v e l s  o f  s u l f u r  o x i d e s  e m i t t e d  by t h e  
u t i l i t y  i n d u s t r y  w i l l  i n c r e a s e  u n l e s s  s t r i c t  c o n t r o l  measures  
a r e  e n f o r c e d  such  a s  t h o s e  s p e c i f i e d  i n  t h e  C l e a n  A i r  A c t .  
I n  t h e  f i r s t  p a r t  o f  t h i s  s e c t i o n ,  p r e d i c t i o n s  a r e  made 
o f  t h e  r e g i o n a l  d i s t r i b u t i o n  of  e m i s s i o n s  i m p l i e d  by t h e  
f o r e c a s t s  of t h e  NERC and CM f o r  1980. I n  b o t h  c a s e s ,  a  
comparison is  made between a  s i t u a t i o n  i n  which t h e  s t a n d a r d s  
of t h e  C l e a n  A i r  A c t  a r e  m e t  and one  i n  which no c o n t r o l s  a r e  
imposed on t h e  i n d u s t r y .  I f  s u l f u r  o x i d e s  a r e  removed from 
e m i s s i o n s ,  a d d i t i o n a l  g e n e r a t i n g  c o s t s  w i l l  o c c u r  which w i l l  
i n e v i t a b l y  b e  p a s s e d  o n  t o  cus tomers  i n  t h e  form o f  h i g h e r  
p r i c e s  f o r  e l e c t r i c i t y ,  and we have  assumed t h a t  t h e r e  w i l l  
b e  a  one-year  d e l a y  i n  t h i s  p r o c e s s .  The c o s t  of c o n t r o l l i n g  
e m i s s i o n s  is  s p e c i f i e d  t o  b e  t h r e e  mil ls /kwh i n  1970 d o l l a r s  t o  
g i v e  a n  85% r a t e  o f  removal.  These v a l u e s  c o r r e s p o n d  t o  
removal  by l i m e s c r u b b e r s ,  and were d e r i v e d  from a  s t u d y  of 
c o n t r o l  t echnology  p u b l i s h e d  by a  F e d e r a l  i n t e r a g e n c y  c o m m i t t e e .  11 
S u l f u r  Oxide C o n t r o l  Technology Assessment P a n e l ,  " F i n a l  
Repor t  on P r o j e c t e d  U t i l i z a t i o n  of S t a c k  Gas C l e a n i n g  Systems by 
S t e a m - E l e c t r i c  P l a n t s  ( A p r i l  1 9 7 3 ) .  
The e f f e c t  of i n t e r n a l i z i n g  t h e  c o s t  of removing s u l f u r  on t h e  
p r i c e  of e l e c t r i c i t y  depends on t h e  p ropor t i on  of e l e c t r i c i t y  
gene ra t ed  from o i l  and c o a l .  Consequently, p r i c e  i n c r e a s e s  
vary  cons ide rab ly  between r eg ions ,  and t h e  o v e r a l l  e f f e c t  on 
demand can  be determined us ing  t h e  econometric model d i scussed  
i n  t h e  previous  s e c t i o n .  F i n a l l y ,  a  comparison of t h e  pre-  
d i c t e d  e f f e c t s  of a l t e r n a t i v e  l e v e l s  of  emiss ions  i n  1980 on 
t h e  i nc idence  of  major r e s p i r a t o r y  d i s e a s e s  i s  presented .  S ince  
t h i s  p a r t  of t h e  a n a l y s i s  was conducted by F ink lea  e t  a l . ,  on ly  
a  b r i e f  summary of  t h e i r  r e s u l t s  i s  g iven  here .  Considerably 
more informat ion  i s  a v a i l a b l e  i n  t h e  Report c i t e d  i n  t h e  
I n t r o d u c t i o n  l aee  t h e  r e p o r t  c i t e d  i n  f o o t n o t e  t h r e e  abave ) .  
The Clean A i r  a c t  s p e c i f i e s  a  s e t  of minimum s t anda rds  f o r  
ambient a i r  q u a l i t y  which must be met i n  1975, and even s t r i c t e r  
s t anda rds  a r e  s p e c i f i e d  f o r  1977. The maximum l e v e l s  of s u l f u r  
ox ides  pe rmi t t ed  under  t h i s  Act ,  and t h e  average  l e v e l s  of s u l f u r  
i n  t h e  c o a l  and o i l  used by t h e  u t i l i t y  i n d u s t r y  have been 
e s t ima ted  by Jimeson and ~ i c h a r d s o n .  ' Given t h i s  in format ion ,  
which i s  summarized i n  Table 5 f o r  t h e  n i n e  r eg ions  i d e n t i f i e d  
i n  F igu re  3 ,  it i s  p o s s i b l e  t o  p r e d i c t  t h e  q u a n t i t y  of  s u l f u r  
ox ides  emi t t ed  i n  1980 f o r  d i f f e r e n t  p a t t e r n s  of  gene ra t ion ,  
bo th  w i t h  and wi thout  c o n t r o l s  on emiss ions .  
S ince  t h e  l e v e l  of  gene ra t ion  f o r e c a s t e d  f o r  1980 by CM is  
much l e s s  t han  t h e  l e v e l  f o r e c a s t  by t h e  NERC, t h e r e  i s  
p o t e n t i a l l y  a c o n s i d e r a b l e  amount of f l e x i b i l i t y  i n  t h e  p a t t e r n  
of g e n e r a t i o n  of t h i s  s m a l l e r  q u a n t i t y .  We have assumed t h a t  
t h e  p a t t e r n  f o r e c a s t  by t h e  NERC r e p r e s e n t s  t h e  maximum l e v e l  of  
g e n e r a t i o n  from each sou rce .  I n  r e t r o s p e c t ,  t h e  " s l i ppage"  which 
2 ~ . ~ .  Jimeson and L.  W. Richardson,  " P o t e n t i a l  Abatement 
S u l f u r  Resu l t i ng  from Environment Regula t ion ,"  p re sen ted  a t  t h e  
Four th  Phosphate-Sulfur  Symposium, Tarpon Spr ings ,  F l o r i d a ,  
January 1974. 
Table 5. The amount of s u l f u r  cohta ined  
i n  c o a l  and o i l .  
- 
Percentages  Permi t ted  Under t h e  
Actua l  Percentages  Clean A i r  Act 
Coal O i l  Coal O i l  
Region 1971 1971 1975 1977 1975 1977 
1. NPCC 2.10 1.40 1.40 0.72 0.45 0.42 
3. SERC 2.00 1.60 1.32 0.78 0.92 0.72 
4. ECAB 2.80 2.10 1.04 0.73 2.14 0.69 
6. SWPP 2.50 1.20 1.14 0.59 1.66 0.68 
7. ERCOT 0.60 0.23 1.80 0.50 0.88 0.70 
8. MARCA 1.80 1.60 1.86 0.71 2.08 0.70 
9. WSCC 0.69 0.46 0.37 0.34 0.56 0.51 
Source: Jimeson and Richardson ( s e e  f o o t n o t e  twe lve ) .  The 
3 
n a t f o n a l  primary ambient a i r  q u a l i t y  s t anda rd  i s  80 PG/M o r  
-03 PPM f o r  s u l f u r  ox ides .  
has occurred over  t h e  p a s t  e igh t een  months i n  t h e  c o n s t r u c t i o n  
of new p l a n t s ,  which a r e  predominantly nuc l ea r ,  probably makes 
t h e  f o r e c a s t  l e v e l s  of gene ra t ion  f r d n  nuc l ea r  p l a n t s  r a t h e r  
h igh .  S ince  reducing t h e s e  l e v e l s  would tend  t o  exace rba t e  
t h e  problem of a i r  q u a l i t y ,  our  f o r e c a s t s  of emissions i n  1980 
may, i n  f a c t ,  be t o o  low. 
I f  it i s  assumed t h a t  reducing t h e  q u a n t i t y  of o i l  
imported i s  a  primary o b j e c t i v e  of t h e  u t i l i t y  i n d u s t r y ,  t hen  
g e n e r a t i o n  from hydro, nuc l ea r  o r  c o a l  p l a n t s  is  t o  be 
p r e f e r r e d  t o  t h e  use  of o i l  o r  n a t u r a l  gas .  I f ,  i n  c o n t r a s t ,  
t h e  p o l i c y  is t o  minimize t h e  q u a n t i t y  of emiss ions  of s u l f u r  
ox ides ,  t hen  c o a l  and o i l  a r e  t h e  l e a s t  p r e f e r r e d  f u e l s .  Two 
p a t t e r n s  of gene ra t ion ,  corresponding t o  t h e s e  two po l i cy  
a l t e r n a t i v e s ,  have been de r ived  f o r  t h e  l e v e l  of gene ra t ion  
f o r e c a s t  f o r  1980 by CM. The r e s u l t i n g  l e v e l s  o f  emiss ions  a r e  
summarized i n  Table 6 t o g e t h e r  wi th  t hose  corresponding t o  t h e  
f o r e c a s t  made by t h e  NERC and t h e  a c t u a l  l e v e l s  i n  1970. 
The r e s u l t s  i n  Table 6 imply t h a t  i f  emiss ions  a r e  
uncon t ro l l ed ,  t h e  p a t t e r n  of g e n e r a t i o n  proposed by t h e  NERC 
f o r  1980 w i l l  l e ad  t o  s u b s t a n t i a l  i n c r e a s e s  i n  t h e  l e v e l s  of 
s u l f u r  ox ides  i n  a l l  r eg ions .  This  is  e s p e c i a l l y  s e r i o u s  i n  
t h e  e a s t e r n  p a r t  of t h e  count ry  (Regions 1-5) because here  t h e  
i n i t i a l  l e v e l s  a r e  a l r e a d y  h igh  and t h e  d e n s i t y  of popula t ion  
is t h e  g r e a t e s t .  I f ,  however, t h e  s t anda rds  impl ied  i n  t h e  
Clean A i r  Act a r e  en fo rced ,  emiss ions  can be reduced t o  50% of 
t h e  l e v e l  i n  1970. 
The low l e v e l  of gene ra t ion  f o r e c a s t  by CM imp l i e s ,  a s  
one would expec t ,  lower emiss ions  t han  t h o s e  of t h e  NERC. 
Even i f  no c o n t r o l s  a r e  enforced ,  emiss ions  can  a c t u a l l y  be 
reduced from t h e  l e v e l  i n  1970 by us ing  c l e a n e r  sou rces  of 
g e n e r a t i o n  t o  t h e  maximum e x t e n t  p o s s i b l e .  However, t h i s  i s  
most e f f e c t i v e  i n  t h e  wes tern  s t a t e s  where n a t u r a l  ga s  s u p p l i e s  
a r e  more p l e n t i f u l .  I n  t h e  E a s t ,  e s p e c i a l l y  i n  Region 4 ,  t h i s  
s t r a t e g y  is l e s s  v i a b l e .  Consequently,  we conclude t h a t  removal 
of sulfur from emissions is the only reliable way of reducing 
levels of sulfur oxides in the eastern states. The higher 
prices charged for electricity, which are required if controls 
are enforced, will reduce the quantity of electricity demanded 
to some extent. This is reflected by the lower forecasts of 
generation when sulfur is removed from emissions. 
To determine the effects of increased emissions of sulfur 
oxides on health, three steps in the analysis conducted by 
Finklea et al. can be identified. These are: 
a) to determine the size and composition of the 
population exposed to emissions in each region; 
b) to determine the relationship between increased 
emissions of sulfur oxides and the probability 
distribution of different concentrations of 
sulfates: and 
C) to determine the threshold concentration of 
sulfates and the response to higher concentra- 
tions for rnajor respiratory diseases. 
The analysis was limited to the eastern part of the country 
(Regions 1-5). Estimates of premature mortality and of excess 
incidents of five respiratory ailments associated with 
increased emissions of sulfur oxides from the utility industry 
are summarized in Table 7 for the six alternative distribu- 
tions of emissions in 1980 presented in Table 6. 
For our purposes, it is sufficient to note that if 
increased emissions are permitted, serious effects on health 
will result even though the magnitudes in Table 7 actually 
represent only a small fraction of the total effects of air 
pollution. These adverse effects are much smaller if 
controls on emissions are enforced. 
Implications for Government Policy 
Two important conclusions may be drawn from our analysis. 
T a b l e  6 .  F o r e c a s t s  o f  t h e  l e v e l s  o f  s u l f u r  o x i d e s  e m i t t e d  
( m i l l i o n  t o n s ) .  
F o r e c a s t e d  L e v e l s  i n  1980  
A c t u a l  L e v e l s  NERC 1 )  CM I 2 )  CM 1 1 ~ )  
R e g i o n  i n  1370  N S R ~ )  S R ~ )  NSR SR NSR SR 
1. NPCC 1 3.1 3 . 8  1  . O  2.1 . 3  1 . 3  . 2  
2. MACC 
3 -  SERC 3 . 6  6 . 5  2 .2  3 .8  - 5  2.3 . 3  
4  ECAR 6.2 10 . 0  2 .3  7 . 0  - 9  6 . 7  . 9  
5. MAIN 2 .7  3 .7  1  . O  2 . 6  . 3  1 . 9  . 2  
6. SWPP 1 0.4 2 . 5  0 . 4  2.1 2.1 - 1  .1 
7. ERCOT 
8. MARCA 0.6 1 . 3  0.4 . 9  . 9  .6  .6  
9. WSCC 0 .2  1 . 1  0 .5  1 . 0  1 . 0  . 3  . 3  
T o t a l  1 6 . 8  28.9 7.8 1 9 . 5  6 .0  1 3 . 2  2 . 6  
S o u r c e  o f  G e n e r a t i o n  ( B i l l i o n  kwh) 
- - 
O i l  183  
Gas 369 475 208 207 471 471 
Coa 1 709 1 , 314  1 , 0 4 4  958 461 381 
N u c l e a r  22 533  5 3 3  5 3 3  5 3 3  5 3 3  
Hydro 247 325  3 2 5  3 2 5  3 2 5  3 2 5  
T o t a l  1 , 5 3 0  3 , 1 8 7  2 ,2 1 1  2 , 1 0 4  2 , 2 1 2  2 , 1 1 0  
 oreca cast p u b l i s h e d  by t h e  NERC i n  1973  
"CM I - P o l i c y  t o  r e d u c e  i m p o r t s .  
CM I1 - P o l i c y  t o  r e d u c e  e m i s s i o n s .  
3 ) ~ ~ ~  - No s u l f u r  removed f r o m  e m i s s i o n s .  
SR - S u l f u r  removed f r o m  e m i s s i o n s .  
Table 7 .  Estimates of the adverse effects of emissions on 
premature mortality and respiratory diseases in 1 9 8 0 .  1 )  
Source of Forecast for the level 
of Generation 2  
NERC CM I CM I1 
Effect Units NSR SR NSR SR NS R SR 
1 .  Premature mortality Millions 4 . 7 4  . 2 2  2 . 3 1  1 . 3 3  - 5 7  . 0 7  
2 .  Excess attacks of Millions 1 1 . 5 4  3 . 2 9  7 . 9 2  3 . 7 0  4 . 5 5  1 . 7 3  
asthma 
3 .  Excess days of Millions 3 2 . 1 1  6 . 6 2  2 0 . 3 1  9 . 0 9  1 0 . 0 7  3 . 0 6  
aggravated heart and 
lung diseases 
4. Excess cases of Thousands 6 6 9  0  3  08 169  4 2  0  
acute respiratory 
disease in children 
5 .  Excess cases of Thousands 8 6 0  3  3  434 1 8 5  1 3 6  0  
chronic respiratory 
disease (non-smokers) 
6. Excess cases of Thousands 5 3 5  09  1 8 7  1 3 5  1 2  0  
chronic respiratory 
disease (smokers) 
) Based on the work of Finklea et al., National Environmental Research Center, 
North Carolina (see Federal Energy Administration, footnote two above). 
2)~he levels and distribution of emissions of sulfur oxides are presented in 
Table 6 .  
First, the expansion of generating capacity planned by the 
utility industry is too large. Our forecast of 2.2 trillion 
kwh of electricity generated in 1980 contrasts dramatically 
with the forecasts of over three trillion kwh made by the NERC. 
Secondly, the extensive use of coal by utilities may have 
serious adverse effects on the general health of the population 
in eastern states. Consequently, sulfur oxides should be 
removed from emissions by enforcing the standards specified in 
the Clean Air Act. 
The main problem facing the utility industry is perceived 
by many to be the inability of companies to secure sufficient 
capital for their expansion programs. As a result, pressure 
has been applied on the government in two directions. First, 
various forms of direct and indirect subsidization, such as 
issuing tax-free bonds by the industry, have been proposed to 
help capital formation. Second, efforts have been made to 
postpone implementation of the Clean Air Act to avoid expected 
shortages of power and to save on the additional expense of 
installing equipment for removing sulfur. 
If utility companies are successful in their efforts to 
expand generating capacity by obtaining subsidies and by 
ignoring environmental costs, our results imply that companies 
will overexpand their generating capacity. With extra capacity 
available and capital expenses already committed, company 
executives will look for ways for increasing sales. Inevitably, 
it will be profitable to encourage large-scale users of 
electricity by charging them attractive low prices. To this 
extent, it is possible to obtain relatively high growth rates 
in the industry if a large enough number of extravagant uses 
for electricity can be found. If such attempts are successful, 
all of the rules for the efficient allocation of scarce 
resources are violated. We believe that a more appropriate 
solution to the problem exists. 
Attempts to expand the generation of electricity will 
continue to face increasing costs due to the dwindling 
supplies of easily accessible fossil and nuclear fuels. If 
these costs, including the costs of maintaining environmental 
quality, are reflected in the prices charged for electricity, 
the growth of demand will be reduced and so will the need for 
large quantities of capital for expansion. In the long-run, 
the best policy is to internalize environmental costs rather 
than to try to maintain an unrealistically high growth rate 
of sales of electricity. In this way, the level of health and 
the quality of the environment will not deteriorate any further 
and may, in fact, improve. Unnecessary medical expenses will 
not be imposed on the public, and there will be less need to 
institute extraordinary measures for supporting the utility 
industry. 
One of the arguments against reversing the past trend 
of generating more electricity at lower prices is that poor 
families will be prevented from increasing their material 
well-being. However, since the current practice in the utility 
industry is to lower the price charged as the quantity demanded 
by a customer increases, the potential exists for increasing the 
overall average price for all customers but not for small-scale 
users. This can be achieved by flattening existing rate 
schedules. 
There has been a long-standing argument in the econometric 
literature about whether the average or the marginal price is a 
more appropriate explanatory factor in models of the demand for 
electricity. The price of electricity in Tables 1 and 2 is, in 
fact, an average price. However, we have recently included 
both prices in our models in an attempt to measure the shape of 
the rate schedule as well as the general level. Equality 
between the marginal and average price implies that the rate 
schedule is flat, but in practice, the typical marginal price 
is less than the typical average price because rate schedules 
decline. The marginal prices paid by some individuals may, 
of course, be greater than the average price in the sector. 
To reflect this shape, the ratio of the two typical prices 
appears as an explanatory factor in the models summarized in 
Tables 9  and 10 in the Appendix. Although Table 9  is the 
basis for deriving the forecasts discussed in the previous 
two sections, the definition of the price ratio used to 
estimate the models in Table 10 is preferred, and these models 
underlie the following analysis. This change in the definition 
of the price ratio is the only difference between the models, 
and the resulting changes in the estimated long-run 
elasticities are, in fact, minor. 
The estimated coefficient for the ratio of the marginal 
to the average price is positive in the residential sector and 
negative in the other two sectors. This implies that if rate 
schedules were flattened for residential customers, the sales 
of electricity would increase in this sector, assuming that all 
other factors including the average price were unchanged. An 
explanation for this is that flattening the rate schedule 
decreases the average price paid by a large number of small- 
scale users, and increases the average price for a relatively 
few large-scale users such as those with all-electric homes. 
The sum of these two opposing effects is positive, implying an 
increase in sales. In the commercial and industrial sectors, 
the net effect is negative. The predicted effects on sales are, 
however, relatively small in all sectors. This is illustrated 
by the results summarized in Table 8. The overall effect of 
flattening rate schedules within each sector is to increase 
sales by less than 1 % .  
Similar results are obtained if prices are flattened 
between sectors. At the present time, residential customers 
pay substantially higher prices than industrial customers. 
For example, in New York State the average residential price 
was 2 . 5  times the average industrial price in 1 9 7 2 .  The effect 
of charging the same price in all three sectors is also 
summarized in Table 8. Increases of residential and commercial 
sales are not large enough to offset the reduction of industrial 
sales, and the net effect is a 1.5% drop in sales. This drop 
can be reduced to less than 1% if rates are also flattened 
within each sector. 
We recognize that the predictions presented in Table 8 
are tentative. First, the quality of data on rate schedules at 
this level of aggregation is poor. In addition, any piecemeal 
adoption of a policy to reduce price differences between 
customers could encourage some industrial customers to move to 
other regions. This would effect sales dramatically within given 
service areas. We do wish, however, to demonstrate that a 
relatively wide range of choices exists with regard to the prices 
charged to different customers, and we do question the practice 
of promoting sales of electricity by charging low prices to 
selected groups. 
Many may doubt the advisability of increasing the price of 
electricity charged to industrial customers on the basis that 
hindering industrial expansion in this way would lead to more 
unemployment. Such an argument ignores the potential for 
substituting labor for energy. For example, the recent work of 
Hudson and ~orgenson'~ predicts that higher energy prices in 
manufacturing will increase the need for labor and reduce the 
need for energy, other raw materials and capital. In conclusion, 
we believe that viable long-range solutions to the "energy 
crisis" can not be instituted unless the potential is recognized 
for alleviating the problem of inadequate supplies of energy 
through the use of policies affecting demand. 
Hudson and D.W. Jorgenson, "US Energy Policy and 
Economic Growth, 1975-2000," The Bell Journal of Economics and 
Management Science, 5 (Autumn 1974). 
Table  9 .  P r e d i c t e d  e f f e c t s  of  f l a t t e n i n g  r a t e  s chedu l e s .  
S e c t o r  
P r e d i c t e d  S a l e s  i n  1972 
( B i l l i o n  kwh) 
Actua l  Average The Sane 
P r i c e  Average 
I n  Each P r i c e  i n  
S e c t o r  Each S e c t o r  
R e s i d e n t i a l  1. Actua l  r a t e  508 -7 
(509.4) s chedu l e  
2. F l a t t e n e d  r a t e  525.7 
s chedu l e  
Commercial 1 .  Ac tua l  r a t e  353.6 
(360.1) s chedu l e  
2. F l a t t e n e d  r a t e  347.7 
s chedu l e  
I n d u s t r i a l  1. Actua l  r a t e  627.8 
(637.2) s chedu l e  
2. F l a t t e n e d  r a t e  627.6 
s chedu l e  
T o t a l  1. Actua l  r a t e  1,490.1 
(1,506.7) s chedu l e  
2. F l a t t e n e d  r a t e  1,501.0 
s chedu l e  
 he numbers i n  p a r e n t h e s e s  a r e  t h e  a c t u a l  s a l e s  f o r  
1972 i n  b i l l i o n  kwh. 
APPENDIX 
The objective of the statistical analysis is to estimate 
the magnitudes of relationships between the quantity of 
electricity demanded and major explanatory factors for three 
classes of customer. These explanatory factors include the 
number of customers, real income per capita, the prices of 
electricity, of gas, of oil, of coal, of electric appliances 
or machinery, of labor, and of raw materials (wholesale price 
index), and the gross national product. In addition, the 
degree of urbanization, a measure of the slope of rate 
schedules for electricity, and the proportion of customers in 
the residential and industrial sectors14 are also used as 
explanatory factors. Data have been collected for forty-seven 
contiguous states1 in the US for the years 1963 to 1972. The 
functional form of the demand relationship is linear in 
logarithms, and a lagged dependent variable is used as a 
regressor to account for the dynamic characteristic of demand. 
This type of model based on pooled cross-section (states) and 
time-series (years) data has been used by Balestra and Nerlove 16 
to estimate the demand relationship for natural gas. Such a 
14~hese two proportions account for changes in the 
classification schemes used by utility companies to allocate 
customers to the different sectors. Omission of these 
variables leads to overestimation of the absolute magnitudes of 
direct price elasticities in the commercial and industrial 
sectors. 
15~orth and South Carolina are combined, and Washington, 
D.C. is included with Maryland. 
6 ~ .  Balestra and M. Nerlove, "Pooling Cross-section and 
Time-series data in the Estimation of a Dynamic Model: The 
Demand for Natural Gas," Econometrica, 2 (19661, 585-612. 
model may be written as follows: 
where 
i = 1,2, ..., 47 represent states; 
i = 1,2, ..., 10 represent the years 1963 to 1972; 
Yit = the logarithm of the quantity of electricity 
demanded in state i during year t; 
Xnitr n = 1,2, ..., N are the corresponding 
explanatory variables, such as the 
logarithm of real income per capita; 
G I  A. B, , B2,. . ., BN = unknown parameters17; 
pi = an unobserved random effect corresponding 
to state i; 
E = an unobserved residual. 18 it 
I7The short-run elasticity is the (1 - A) Bnr and 8, is 
the long-run elasticity (see Table 1). 
lUThe .,act statistical specifications are: 
E [pi] = E[Eit~ = E [ ~ ~ E ~ ~ I  = 0 for all i and t; 
= 0 otherwise; 
E [ E ~ ~ E ~ ~ ]  = o2 E if i = j and t = s; 
= 0 otherwise. 
Given t h e  d a t a  and  t h e  model s p e c i f i c a t i o n ,  t h e  n e x t  
o b j e c t i v e  i s  t o  e s t i m a t e  t h e  unknown s l o p e  p a r a m e t e r s .  The 
o r d i n a r y  l e a s t  s q u a r e s  e s t i m a t o r  i s  i n c o n s i s t e n t  due  t o  t h e  
p r e s e n c e  of  a  l a g g e d  dependen t  v a r i a b l e  ( Y i t - l )  u n l e s s  t h e r e  
a r e  no s y s t e m a t i c  d i f f e r e n c e s  between s t a t e s  ( i . e .  u n l e s s  
- u 1  = u2, - = u q 7 ) .  The g e n e r a l i z e d  l e a s t  s q u a r e s  
e s t i m a t o r  p roposed  by B a l e s t r a  and Her love  i s  c o n s i s t e n t ,  and 
t h i s  is t h e  method used  t o  d e r i v e  t h e  e s t i m a t e s  summarized i n  
T a b l e s  9 ,  10 and 11. The two unknown v a r i a n c e s  a r e  e s t i m a t e d  
u s i n g  a  p r o c e d u r e  p roposed  by Amemiya.' O r d i n a r y  l e a s t  s q u a r e s  
e s t i m a t e s  of  t h e  unknown s l o p e  p a r a m e t e r s  a r e  o b t a i n e d  assuming 
t h a t  t h e  s t a t e  e f f e c t s  ( u l  , u 2 ,  .. . , u q 7  ) a r e  a d d i t i o n a l  unknown 
p a r a m e t e r s .  The r e s u l t i n g  e s t i m a t e d  r e s i d u a l s  a r e  used  t o  
d e r i v e  s t a n d a r d  a n a l y s i s  of  v a r i a n c e  e s t i m a t e s  of  t h e  two 
unknown v a r i a n c e s .  T h i s  i s  s t r a i g h t f o r w a r d  s i n c e  t h e  d a t a  a r e  
b a l a n c e d .  
The s o u r c e s  of  t h e  d a t a  used  f o r  e s t i m a t i o n  a r e  summarized 
i n  T a b l e  12. There  is one v a r i a b l e ,  however,  which r e q u i r e s  
some f u r t h e r  e x p l a n a t i o n ,  namely, t h e  p r i c e  r a t i o  f o r  
e l e c t r i c i t y .  T y p i c a l  a v e r a g e  p r i c e s  may b e  d e t e r m i n e d  
d i r e c t l y  f rom t h e  r a t i o  o f  r e v e n u e s  t o  s a l e s ,  b u t  t y p i c a l  
m a r g i n a l  p r i c e s ,  which a r e  g e n e r a l l y  lower  t h a n  a v e r a g e  
p r i c e s  due t o  t h e  s h a p e  o f  r a t e  s c h e d u l e s ,  a r e  n o t  a s  e a s y  
t o  d e t e r m i n e .  I n  o u r  a n a l y s i s ,  we have  e s t i m a t e d  t h e  r a t i o  
o f  t h e s e  p r i c e s  d i r e c t l y  by assuming t h a t  t h e  r e l a t i o n s h i p  
between e x p e n d i t u r e s  and p u r c h a s e s  p e r  cus tomer  is  l i n e a r  i n  
"T. Amemiya, "The E s t i m a t i o n  o f  t h e  V a r i a n c e s  i n  a  
Variance-Components Model," I n t e r n a t i o n a l  Economic Review, 
12 (19711, 1-13. 
-
Table 9. Estimated demand models for electricity. 
Explanatory Class of Customer 
variable1 ) Residential Commercial Industrial 
1. Quantity demanded in .734 (42.8)2) .554 (~2.3)~) .727 (33.5)2) 
the previous period 
2. Number of customers .270 (13.3) .412 (9.4) .I78 (7.0) 
3. Real income per capita .I63 (6.4) .lo1 (1.9) .088 (1.1) 
4. Price of electricity -.311 (14.9) -.544 (11.3) -.272 (6.8) 
5. Price of gas .008 (.8) 0 0 
6. Price of fuel oil .025 (2.0) 1 .I63 (2.7) .288 (2.1) 
7. Price of coal .030 (1.7) 
8. Price of electric 0 
appliances or 
machinery 
9. Unit labor cost - - 
10. Wholesale price index -- 
11. Gross national product -- 
12. Degree of Urbanization -.003 (4.0) -.004 (2.2) .003 (1.8) 
13. Price ratio for elec- .032 (1.9) .039 (1.1) -.008 (. 4) 
tricity3) 
14. Proportion of customers .080 (.3) 2.238 (3.1) -- 
in the residential sector 
15. Proportion of customers -- -4.125 (1.5) -25.307 (5.0) 
in the industrial sector 
"hll variables in dollar units are deflate?. 
are not transformed to natural logarithms. 
variables numbered and 15 
 he absolute values of the ratio between the estimated coefficient and standard 
error are given in parentheses. 
3)~his is the ratio between the marginal and average prices. 
Table 10. Estimated demand models for electricity: 
Class of Customer 
Residential Commercial Industrial 
Quantity demanded in .743 
the previous period 
Number of customers .259 
Real income per capita .I36 
Price of electricity -.317 
Price of gas .008 
Price of fuel oil 1 .I69 
Price of coal 
Price of electric 0 
appliances or 
machinery 
Unit labor cost - - 
Wholesale price index -- 
Gross national product -- 
Degree of urbanization -.003 
Price ratio for elec- .071 
tricity 3) (Method C) 
Proportion of customers .I89 
in the residential sector 
Proportion of customers -- 
in the industrial sector 
" ~ 1 1  variables in dollar units are deflated. Variables numbered 12, 14 and 15 
are not transformed to natural logarithms. 
 he absolute values of the ratio between the estimated coefficient and standard 
error are qiven in parentheses. 
3)~his is the ratio between the marginal and average prices. 
Table 1 1 .  Estimated demand models for electricity. 
Explanatory Class of Customer 
Variable ~esidential Commercial Industrial 
-- 
:. Quantity Demanded in 
the previous period .638 (14.57)2) .453 (13.77)2) .325 (23.14) 2, 
2. Quantity demanded two 
periods previously .I00 (2.64) .040 (1.51) -.082 (3.58) 
3. Number of customers .267 (11.11) .441 (9.57) .I66 (6.46) 
4. Real income per capita .I35 (4.77) .057 (1.11) .03 1 (.?.go) 
5. Price of electricity -.336 (12.73) -.748 (15.43) -.252 (5.26) 
6. Price of gas .009 (.914) 0 0 
.022 (1.75) 
7. Price of fuel 1 .178 (2.96) .I90 (1.45) .03 1 (1.77) 
8. Price of coal 
9. Price of electric 
appliances or 
machinery 0 
10. Unit labor cost -- .I83 (1 .64) .I89 (1 .15) 
1 1 .  Wholesale price 
index - - .762 (2.39) 1 .I58 (3.12) 
12. Gross national 
product - - - - .I88 (2.25) 
13. Degree of 
urbanization -. 003 (4.30) --Oo5 (2.51) .003 (1 .80) 
14. Price ratio 
electricity3for 
(Method C) .066 (2.75) -.I66 (1.14) -.011 (.quo) 
15. Proportion of 
customers in the 
residential sector .204 (6.57) 2.872 (4.08) - - 
16. Proportion of 
customers in the 
industrial sector - - -3.004 (1.14) -23.265 (4.70) 
17. Change of income 
coefficient -3.727 (1.02) 22.784 (3.15) 5.158 ( T  .00) 
13. Change of price 
coefficient 3.669 (1.85) -.647 (.155) -1.247 (1.14) 
19. Change of lag 
coef iccient -1.405 (.902) 8.176 (2.33) -.563 (.660) 
" ~ 1 1  variables in dollar units are deflated. Variables numbered 13, 15 and 
16 are not transformed to natural logarithms. 
2)~he absolute values of the ratio between the estimated coefficient and 
standard error are given in parentheses. 
3)~his is the ratio between the marqinal and average prices 
Table 12. Data sources. 
Variable Class of Cust- 
Wsidential C-zial Industrial 
Quantity of Electricity Demanded 
Number of Customers 
Real Income per capita1 ) 13) 
Price of ~lectricity~) 13  
Price of  as^)'^' 
Price of Fuel oil3) 
Price of coal3) 
Price of Electric Appliances 
or ~achinery~) 
Unit Labor cost1) 
Wholesale Price 1ndex1 ) 1 3 )  
Gross National product5) 
Degree of Urbanization 
Price Ratio for Electricity 
(Nethod C) 
Proportion of Customers 
Note: A = Edison Electric Institute, Statistical Yearbook; 
B = American Gas Association, Gas Facts: 
C = US Bureau of the Census, Statistical Abstract: 
D = President's Council of Economic Advisors, Economic 
Report of the President; 
E = US Department of Commerce, Survey of Current Business; 
F = US Bureau of Labor Statistics, Retail Prices and 
Indexes of Fuels and Utilities; 
G = US Federal Power commission, Typcial Electric Bills. 
"variable is the same for all three classes of customer. 
"~atio of revenue to sales. 
3)~eflated by the consumer price index qiven in D. 
4)~ombined index of the retail prices of fuel oil and coal 
used for both the residential and commercial sectors. 
5)~eflated by the GNP deflator given in D. 
l o g a r i t h m s . 2 0  I f  t h i s  r a t i o  e q u a l s  o n e ,  t h e  r a t e  s c h e d u l e  is  
f l a t ,  and i f  it i s  l e s s  t h a n  o n e ,  t h e  r a t e  s c h e d u l e  d e c l i n e s  
a s  q u a n t i t y  i n c r e a s e s .  TWO s o u r c e s  o f  d a t a  f o r  t h e  e x p e n d i t u r e s  
and p u r c h a s e s  p e r  cus tomer  were u s e d .  F i r s t  (Method A used  f o r  
t h e  models i n  Tab le  9 ) ,  d i f f e r e n t  y e a r s  were  grouped t o g e t h e r  
f o r  e a c h  s t a t e  by i n s p e c t i n g  t h e  s c a t t e r  d iagram of  t h e  
l o g a r i t h m  of  t h e  o b s e r v e d  l e v e l s  o f  t h e  two v a r i a b l e s .  
O b s e r v a t i o n s  which f e l l  rough ly  o n  a  s t r a i g h t  l i n e  were  used  t o  
e s t i m a t e  t h e  p r i c e  r a t i o .  With t h i s  p r o c e d u r e ,  t h e  p r i c e  r a t i o  
f o r  e a c h  s t a t e  g e n e r a l l y  t a k e s  o n  two o r  t h r e e  d i f f e r e n t  v a l u e s  
o v e r  t h e  t e n  y e a r  p e r i o d .  Second (Method C used  f o r  t h e  models  i n  
T a b l e  l o ) ,  v a l u e s  of t h e  two v a r i a b l e s  were  t a k e n  d i r e c t l y  from 
T y p i c a l  E l e c t r i c  B i l l s  ( s e e  T a b l e  1 2 )  f o r  e a c h  s t a t e  and  f o r  
e a c h  y e a r .  Hence, t h e  p r i c e  r a t i o  i s  e s t i m a t e d  s e p a r a t e l y  f o r  
e a c h  o b s e r v a t i o n .  T h i s  method i s  p r e f e r r e d  s i n c e  it i s  based  
o n  more d i r e c t  i n f o r m a t i o n  a h o u t  t h e  r a t e  s c h e d u l e s .  
I f  t h e  e x a c t  s p e c i f i c a t i o n  o f  a  r e p r e s e n t a t i v e  r a t e  
s c h e d u l e  is  known, a n  a l t e r n a t i v e  p r o c e d u r e  would b e  t o  r e l a t e  
t h e  e x p e n d i t u r e  p e r  cus tomer ,  R ,  t o  t h e  q u a n t i t y  p u r c h a s e d ,  
Q, i n  t h e  f o l l o w i n g  way 
where 
b  i s  t h e  m a r g i n a l  p r i c e ;  and 
a  i s  t h e  a d d i t i o n a l  c o s t  above  b  f o r  t h e  i n i t i a l  b l o c k s .  
Both a  and b  c o u l d  b e  used  a s  e x p l a n a t o r y  f a c t o r s  i n  t h e  demand 
models  t o  r e p l a c e  t h e  a v e r a g e  p r i c e  o f  and t h e  p r i c e  r a t i o  o f  
2 0 ~ f  e x p e n d i t u r e  p e r  cus tomer  i s  R and t h e  q u a n t i t y  
p u r c h a s e d  is  Q,  t h e n  t h e  a p p r o x i m a t i o n  i s  R = AQbl where A and 
b  a r e  c h a r a c t e r i s t i c s  o f  t h e  r a t e  s c h e d u l e .  With t h i s  
s p e c i f i c a t i o n ,  b  i s  t h e  r a t i o  o f  t h e  m a r g i n a l  p r i c e  (bAQb-') t o  
a v e r a g e  p r i c e  (Aob- ' )  , and b  c a n  b e  e s t i m a t e d  u s i n g  r e g r e s s i o n  
p r o c e d u r e s  i f  o b s e r v a t i o n s  o f  e x p e n d i t u r e s  c o r r e s p o n d i n g  t o  
d i f f e r e n t  q u a n t i t i e s  a r e  a v a i l a b l e .  
e l e c t r i c i t y .  T h i s  p r o c e d u r e  overcomes t h e  common c r i t i c i s m  
t h a t  t h e  u s e  o f  a v e r a g e  p r i c e s  makes s i n g l e  e q u a t i o n  models  
i n a p p r o p r i a t e  d u e  t o  However, a  and  b  c a n  n o t  
b e  d e r i v e d  d i r e c t l y  f rom t h e  i n f o r m a t i o n  g i v e n  i n  T y p i c a l  
E l e c t r i c  B i l l s  s i n c e  t h e s e  p a r a m e t e r s  a r e  n o t  t h e  same f o r  t h e  
d i f f e r e n t  q u a n t i t i e s  l i s t e d .  F o r  example ,  t h e  t y p i c a l  b i l l s  f o r  
p u r c h a s e s  o f  250, 500, 750,  and  1 ,000  kwh p e r  month a r e  l i s t e d  
f o r  r e s i d e n t i a l  c u s t o m e r s ,  b u t  t h e s e  f o u r  q u a n t i t i e s  d o  n o t  
n e c e s s a r i l y  r e p r e s e n t  t h e  a c t u a l  b l o c k s  f o r  a n y  g i v e n  r a t e  
s c h e d u l e .  A more d e t a i l e d  d i s c u s s i o n  o f  t h i s  g e n e r a l  t o p i c  
h a s  been  g i v e n  by T a y l o r .  2  2  
2 1 ~ e e  f o r  e x a m ~ l e .  R. Halvorsen .  ' R e s i d e n t i a l  Demand f o r  
E l e c t r i c  Energy,  I' ~ e v i i w  o f  ~ c o n o m i c s  and S t a t i s t i c s ,  57 (1 97 5) , 
12-1 8 .  
2 2 ~ . ~ .  T a y l o r ,  "The Demand f o r  E l e c t r i c i t y :  A Survey ,  " 
B e l l  J o u r n a l  o f  Economicsr 6, 1 ( 1 9 7 5 ) ,  74-110. 
- 
D i s c u s s i o n  
Sweeney 
The Mount s t u d y  i s  based upon some v e r y  e x c e l l e n t  work. 
H i s  i s  one o f  t h e  e a r l i e r  dynamic models o f  US energy  demand 
which l o o k s  a t  i n t e r f u e l  s u b s t i t u t i o n .  However, t h e  z e r o  
n a t u r a l  g a s  p r i c e  e l a s t i c i t i e s  s u g g e s t  t h a t  someproblems may 
s t i l l  e x i s t .  A p a r t i a l  e x p l a n a t i o n  t o  t h i s  anomalous r e s u l t  
may be t h a t  i n  t h e  USA we have never  r e a l l y  had a  f u l l y - d e c l a r e d  
marke t  f o r  n a t u r a l  g a s .  W e  had a  p e r i o d  o f  t i m e  i n  t h e  US when 
p i p e l i n e s  were b e i n g  b u i l t  and n o t  everybody was i n  a  g a s  
s e r v i c e  r e g i o n .  Fur thermore ,  t h e  f r a c t i o n  o f  p e o p l e  t h a t  w e r e  
i n  t h e s e  r e g i o n s  changed o v e r  t i m e .  Now we have a  s i t u a t i o n  
o f  s h o r t a g e s  and c u r t a i l m e n t s .  Thus w i t h  no r e l i a b l e  demand 
o b s e r v a t i o n s  ( o n l y  consumption o b s e r v a t i o n s ) ,  t h e  r e s u l t i n g  
"observed  demand e l a s t i c i t i e s "  a r e  l i k e l y  t o  be most u n r e l i a b l e .  
Waverman 
Three y e a r s  ago ,  Kount and Chaprczn gave  u s  f o r e c a s t s  o f  
e l e c t r i c i t y  demands. I would have l i k e d  t o  see how t h e i r  model 
worked by p u t t i n g  i n  r e a l  1974 p r i c e s  because  I do n o t  b e l i e v e  
t h e i r  p r i c e  e l a s t i c i t i e s .  W e  a l l  know e l e c t r i c i t y  i s  t h e  most 
i n e l a s t i c  o f  a l l  f u e l s  and t h e y  show it t o  b e  e l a s t i c .  I j u s t  
do  n o t  b e l i e v e  t h e  e l a s t i c i t y  r a n g e s  between -1.00 and -1.2.  
I t h i n k  t h e  problem is a  s i n g l e  e q u a t i o n  b i a s  by n o t  h a v i n g  a  
s i m u l t a n e o u s  e q u a t i o n  sys tem f o r  a l l  t h e  f u e l s  i n  t h e  s e c t o r .  
I t  was i n t e r e s t i n g  t h a t  you d i d  do  t h e  l i n k a g e  i n  hav ing  s u l f u r  
d i o x i d e  e m i s s i o n  c o n t r o l s  f e e d i n g  back i n t o  t h e  p r i c e  of  electric- 
i t y  and d i m i n i s h i n g  demand. The n e x t  t h i n g  t o  do  would b e  a  
c o s t - b e n e f i t  a n a l y s i s  t o  f i n d  some measure  o f  t h e  c o s t s  o f  a l l  
t h o s e  d e a t h s  and comparing them t o  t h e  b e n e f i t s  o f  h a v i n g  lower 
p r i c e s  f o r  e l e c t r i c i t y .  
Ross 
-
I would l i k e  t o  make a  comment o f  some of  Mount 's  work on 
t h e  h e a l t h  e f f e c t s  o f  s w i t c h i n g  i n t e n s i v e l y  t o  c o a l .  I r a t h e r  
s u s p e c t  t h a t  on a  g l o b a l  s c a l e  t h e r e  a r e  some e f f e c t s ,  e .g .  
o f  t h e  US s w i t c h i n g  t o  c o a l ,  and t h e s e  r e l a t e  t o  t h e  l a c k  o f  
a v a i l a b i l i t y  o f  w a t e r  f o r  c o a l  mining.  I n  t h e  Western s t a t e s  
where much o f  t h e  c o a l  min ing  would t a k e  p l a c e ,  t h e  w a t e r  i s  
now b e i n g  u t i l i z e d  f o r  i r r i g a t i o n  and t h e r e f o r e  f o r  f o o d  pro- 
d u c t i o n ;  one h a s  t o  make a  t r a d e - o f f  between food  p r o d u c t i o n  
which f e e d s  p e o p l e  and keeps  them a l i v e  v e r s u s  c o a l  p r o d u c t i o n  
t o  p roduce  e l e c t r i c i t y  t o  keep  New York C i t y  c o o l  i n  t h e  summer. 
P e r h a p s  o n e  c o u l d  make an  argument t h a t  t h e  s u l f u r  o x i d e  e m i s s i o n  
i n  t h e  US p l a y s  a  s m a l l e r  r o l e  i n  g l o b a l  h e a l t h  e f f e c t s  t h a n  
d o e s  reduced  a g r i c u l t u r a l  p r o d u c t i o n .  
Mount 
I n  r e s p o n s e  t o  Sweeney's p o i n t  a b o u t  low p r i c e  e l a s -  
t i c i t i e s  f o r  n a t u r a l  g a s ,  I a111 a l s o  r a t h e r  w o r r i e d  a b o u t  
t h o s e ,  and we a r e  now go ing  t o  c o n s i d e r  t h e  number of  g a s  
hookups a s  a n o t h e r  t y p e  o f  e x p l a n a t o r y  v a r i a b l e .  
On Waverman's q u e s t i o n ,  l e t  m e  s a y  t h a t  s i m u l t a n e i t y  i s  
a  s e r i o u s  q u e s t i o n .  Ashbury and Halverson  have  t r i e d  t o  d e a l  
w i t h  t h i s  and  t h e y  g e t  s i m i l a r  p r i c e  e l a s t i c i t i e s .  M a r g i n a l  
p r i c e  p e o p l e  l i k e  Houthakker  and Wilson g e t  s i m i l a r  r e s u l t s  
t o  u s  a v e r a g e  p r i c e  p e o p l e .  I n  a d d i t i o n ,  see t h e  work done 
by Kent Anderson o f  Rand i n  which he  t r i e d  t o  d e a l  w i t h  t h e  
i n d i r e c t  demand, i n  t e rms  o f  demand f o r  a p p l i a n c e s ,  and t h e n  
t h e  i n t e n s i t y  o f  a p p l i a n c e  u s e  a s  opposed t o  o u r  s i m p l e  
p r o c e d u r e s  where you j u s t  e s t i m a t e  t h e  d i r e c t  r e l a t i o n s h i p  
f o r  e l e c t r i c i t y .  The problem i s  t h a t  t h e r e  a r e  no d a t a ,  and  
it is  a  v e r y  d i f f i c u l t  t h i n g  t o  do. 
As f o r  c o s t - b e n e f i t s  on h e a l t h ,  I do  n o t  l i k e  d o i n g  t h a t  
s o r t  o f  t h i n g .  The c h o i c e  t h a t  f a c e s  t h e  US a t  t h e  moment i s  
whether  we a r e  p r e p a r e d  t o  spend  money 1 )  i n  t h e  form of  
h i g h e r  p r i c e s  f o r  e l e c t r i c i t y  t o  c o v e r  t h e  c o s t  o f  removing 
su lphur  ( t h i s  comes t o  about  $ 0 . 0 0 4  per  kwh o r ,  about  a  1 0 %  
i n c r e a s e  i n  p r i c e  i f  a l l  t h e  gene ra t ion  comes from c o a l ) ,  o r  
( 2 )  i n  t h e  form of e x t r a  medical  expenses.  The Nat ional  Research 
Counc i l ' s  Committee on Pub l i c  Engineering P o l i c y  (COPEP) has  a  
s tudy  where they  say t h a t  a  dec rease  i n  m o r t a l i t y  of one i s  
worth $30,000 and t h a t  of an asthma a t t a c k  c o s t s  $10. I do n o t  
t h i n k  t h a t  s o r t  of a n a l y s i s  is  worthwhile. 
The f i n a l  p o i n t  I would l i k e  t o  make i s  on something t h a t  
Charpent ie r  r a i s e d  about  t h e  response  t o  i n c r e a s i n g  p r i c e s .  
This  i s  something I d i d  n o t  t a l k  about ,  b u t  it i s  d i scussed  i n  
my paper .  Many people i n  t h e  i n d u s t r y  say  t h e r e  i s  no p o i n t  i n  
making f o r e c a s t s  w i th  o u r  models because they  a r e  e s t ima ted  
from p e r i o d s  when p r i c e s  f o r  e l e c t r i c i t y  were d e c l i n i n g .  Now 
t h a t  they  a r e  going up, eve ry th ing  is very  d i f f e r e n t .  We t r i e d  
t o  make t h e  response r e l a t i o n s h i p  dependent on p r i c e  i n c r e a s e s ,  
b u t  w e  do n o t  g e t  anyth ing  v e r y i n t e r e s t i n g .  I t h i n k  one of  t h e  
reasons  t h a t  t h e  t h i n g s  a r e  no t  very  i n t e r e s t i n g  i s  t h a t  o u r  
d a t a  only  go up t o  1972.  I n  terms of t h e  way t h e  models have 
performed i n  t h e  r e c e n t  p a s t ,  my guess is  t h a t  econometric  
a n a l y s i s  does g i v e  a  way t o  exp la in  why gene ra t ion  has n o t  
i nc reased  r e c e n t l y  a s  it d id  i n  t h e  p a s t .  Most of t h e  econo- 
m e t r i c  procedures t h a t  a r e  c u r r e n t l y  used i n  t h e  i n d u s t r y  have 
no way o f  exp la in ing  why gene ra t ion  has f a l l e n  o t h e r  t han  
p a t r i o t i s m ;  and t h i s  i s  ha rd ly  convincing.  
An A p p l i c a t i o n  o f  t h e  Concepts  o f  F r e e  and Capt ive  
Demand t o  t h e  Estim&nq and S i m u l a t i n g  
of  Energy Demand i n  Canada 
J. Danie l  Khazzoom 
I. I n t r o d u c t i o n  
I n  t h i s  paper  I l a y  o u t  b r i e f l y  t h e  b a s i c  i d e a s  behind 
t h e  concep t s  o f  f r e e  and c a p t i v e  demand, and r e p o r t  e s t i m a t e  
r e s u l t s  we d e r i v e d  f o r  t h e  manufac tur ing ,  mining,  and resi- 
dent ia l -commerc ia l  demand f o r  n a t u r a l  g a s ,  o i l ,  c o a l ,  and 
e l e c t r i c i t y .  The e s t i m a t e s  w e r e  d e r i v e d  by poo l i ng  c r o s s  
s e c t i o n  and t i m e  series f o r  Canadian P r ov ince s ;  a n  e x t e n s i v e  
rev iew o f  t h e  d a t a  b a s e  can  be found i n  Khazzoom [91 . I a l s o  
r e p o r t  s e l e c t e d  s i m u l a t i o n  r e s u l t s .  Some o f  t h e s e  were p r epa r ed  
a s  p a r t  o f  t h e  model development; o t h e r s  were p r epa r ed  i n  
c onnec t i on  w i t h  t h e  Hearings on  t h e  James Bay Hydro P r o j e c t  
i n  1973 and t h e  Hear ings  by t h e  Na t i ona l  Energy Board i n  1974 
on  t h e  f u t u r e  r equ i r emen t s  o f  n a t u r a l  ga s  i n  Canada. 
The demand1 f o r  any one of  t h e  f o u r  major s o u r c e s  o f  
energy  ( g a s ,  o i l ,  c o a l ,  and e l e c t r i c i t y )  may be  thought  o f  
a s  made up o f  two pa r t s - - a  " c a p t i v e "  and a  " f r e e "  p a r t .  A s  
t h e  names s u g g e s t ,  c a p t i v e  demand i s  t h a t  p a r t  o f  demand 
which i s  immobil ized by p a s t  commitments. I t  e x i s t s  because  
o f  p a s t  inves tment  i n  a p p l i a n c e s  t h a t  u s e  t h e  energy  s ou r ce  
i n  q u e s t i o n ,  and is g e n e r a l l y  immune t o  t h e  i n f l u e n c e  o f  
economic s t i m u l i .  F r ee  demand i s  t h a t  p a r t  o f  t h e  demand which 
i s  f r e e  from p a s t  commitments, and which may b e  r ea s onab ly  
e xpec t ed  t o  b e  r e s p o n s i v e  t o  changes i n  t h e  economic c o n d i t i o n s .  
 here was no r a t i o n i n g  th roughout  t h e  sampled pe r i od .  
T h i s  means e x  a n t e  demand = ex  p o s t  demand, and I t h e r e f o r e  
u s e  t h e  t e r m s  demand and consumption i n t e r changeab ly  i n  t h e  
rest o f  t h e  manuscr ip t .  
For t h o s e  commodities whose u s e  r e q u i r e s  a  s u b s t a n t i a l  
i nve s tmen t  i n  a  s t o c k  of  a p p l i a n c e s ,  t h e  c a p t i v e  demand 
makes up t h e  major component o f  t h e  t o t a l .  To g i v e  you an 
i d e a  abou t  t h e  magnitudes i nvo lved ,  I p r epa r ed  F i g u r e  1 .  S i x  
Canadian p rov ince s  a r e  covered:  B r i t i s h  Columbia, A l b e r t a ,  
Saskatchewan, Manitoba, On ta r i o ,  and Quebec. ( I n  e s t i m a t i n g  
t h e  i n d u s t r i a l  demand f o r  t h e s e  p r o v i n c e s ,  w e  c o n s t r a i n e d  t h e  
d e p r e c i a t i o n  r a t e  t o  ze ro .  See below.)  A s  t h e  diagram shows, 
t h e  c a p t i v e  component c o n s t i t u t e s  t y p i c a l l y  between 85% t o  
90% of t h e  t o t a l  i n d u s t r i a l  demand f o r  gas .  A l b e r t a ,  a  major  
u s e r  and producer  o f  n a t u r a l  gas  f a l l s  i n  t h e  90% t o  100% 
range .  
The predominance of t h e  c a p t i v e  component i n  t h e  t o t a l  
r e s u l t s  i n  a  r e d u c t i o n  i n  t h e  consumer 's  a g i l i t y  ( o r  t h e  pro-  
d u c e r ' s  a g i l i t y ,  i f  t h e  commodity i n  q u e s t i o n  i s  a  f a c t o r  of 
p r o d u c t i o n ) ,  and t h e  o v e r a l l  response  of  t o t a l  demand t o ,  s a y ,  
p r i c e  v a r i a t i o n s  w i l l  be  much more r e s t r a i n e d  t h a n  economic 
t h e o r y  would l e a d  one t o  b e l i e v e .  To measure t h e  impact  of 
an  economic s t i m u l u s  on demand, one i s  w e l l  adv i s ed  t o  f o c u s  
on t h e  f r e e  demand. Otherwise,  t h e  e s t i m a t e s  w i l l  be  swamped 
by t h e  r i g i d i t i e s  i n  t h e  c a p t i v e  p a r t .  I n  f a c t ,  one may n o t  
be a b l e  t o  d i s c e r n  any r e spons e  i n  t h e  t o t a l  demand, even 
though t h e  f r e e  component may b e  ex t remely  s e n s i t i v e  t o  t h e  
s t i m u l u s .  Th i s  p o i n t  i s  i l l u s t r a t e d  i n  F i g u r e  2 f o r  t h e  two 
main ga s  consuming prov inces - -Alber ta  and On ta r i o .  Note t h e  
s t a b i l i t y  of t h e  e l a s i t i c i t y  of t o t a l  demand a s  opposed t o  
t h e  v a r i a b i l i t y  of t h e  e l a s i t i c i  t y  of t h e  f r e e  demand. Note 
a l s o  how much l a r g e r  t h e  e l a s t i c i t y  of t h e  f r e e  demand t e n d s  
t o  be compared wi th  t h e  e l a s t i c i t y  of t o t a l  demand. 
'In t h e  diagram, t h e  p r i c e  e l a s t i c i t y  of t o t a l  demand 
l oo ks  comple te ly  f l a t  because I p l o t t e d  t h e  diagram w i t h  one 
dec imal  p o i n t .  With two dec imals  some r i p p l e s  cou ld  have 
been observed .  
three cases less 
Figure 1. Frequency distribution of the ratio 
of captive industrial demand to 
total industrial demand in Canada, 
1961-1968. 
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The f i r s t  s t a t emen t  about  t h e  need t o  i s o l a t e  t h e  f r e e  
demand from t h e  r e s t  ( a t  l e a s t  i n  t h e  f i e l d  of energy)  appeared 
a  l i t t l e  over  a  decade ago i n  a  s e r i e s  of  t e s t imon ie s  by 
Sherman Clark [S] be fo re  t h e  Federa l  Power Commission. Clark ,  
who t e s t i f i e d  on t h e  r e l a t i o n s h i p  between gas  demand and gas  
p r i c e  coined t h e  term " incrementa l  demand." Various v e r s i o n s  
of  t h i s  i dea  were i m p l i c i t  i n  r e c e n t  work i n  investment  
d e c i s i o n  theo rv  ( s e e  Dhymes and Kurz [ 4 1 )  and demand a n a l y s i s  
( s e e  F i s h e r  and Kaysen [ 6 ] ,  Houthakker and Taylor  [71, and 
B a l e s t r a  and Nerlove [21) . 3  The express ion  f o r  t h e  f r e e  demand 
I use i n  t h i s  s tudy  i s  t h e  same a s  t h e  exp re s s ion  used i n  B a l e s t r a  
and Nerlove [2]  f o r  "new demand," b u t  it is  f r e e  from t h e  l i m i t a -  
t i o n s  behind assumptions used i n  B a l e s t r a  and Nerlovc [ 2 ] .  
Some of t h e  d i f f i c u l t i e s  w i th  t h e  assumptions (and e s t i m a t e  
r e s u l t s )  of B a l e s t r a  and Nerlove [2]  a r e  d i s cus sed  i n  Khazzoorn [ I l l .  
I use  a  diagram t o  i d e n t i f y  t h e  f r e e  and c a p t i v e  c o n s t i t -  
u e n t s  o f  demand. The s t e p  r e q u i r e s  a  s imple  t r ans fo rma t ion  from 
' ~ o u t h a k k e r  and Taylor  [ 7 ] ,  wrote consumption a s  a  func t ion  
of  t h e  e x i s t i n g  l e v e l  of  s t o c k s ,  p r i c e  and t o t a l  consumption 
expendi tures .  Wri t ing  t h e  s tock  i n  terms of p a s t  s c a l e s  of t h e  
commodity i n  ques t ion ,  t hey  e l imina t ed  t h e  s tock  v a r i a b l e  
from t h e  equa t ion ,  and de r ived  an exp res s ion  f o r  consumption 
i n  terms of  lagged consumption, a s  w e l l  a s  lagged and c u r r e n t  
va lues  of  p r i c e s  and t o t a l  consumption expendi tures .  I n  a  
condensed form, we have 
where S,  A ,  X ,  and P s t and  f o r  s a l e s ,  s t o c k ,  t o t a l  consump- 
t i o n  expend i tu re s ,  and p r i c e ,  r e s p e c t i v e l y .  ~ l t h o u g h  Houthaker 
and Taylor  wrote  t h e i r  model i n  t h e  continuous domain, it 
would be s imp le r  f o r  o u r  i l l u s t r a t i v e  purposes t o  exp re s s  
t h e  model i n  t h e  d i s c r e t e  domain. S u b s t i t u t i n g  from (9) 
below i n  equat ion  ( 1 )  (we r e i n t e r p r e t  S  i n  ( 9 )  t o  mean s a l e s  of  
t h e  commodity r a t h e r  t han  s a l e s  o f  app l i ances )  and re -ar ranging  
te rms ,  we a r r i v e  a t  t h e  equa t ion  Houthaker and Taylor  e s t i -  
mated 
a one- to a two-dimensional space. This is a commonly-used 
procedure. Often the problem is simplified by transforming 
it to a higher-dimensional space, solving it in there, and 
then bringing it back to the lower-dimensional space. 
For our purpose, we measure the stock of an applicance 
in terms of the maximum amount of BTU that may be consumed if 
this appliance were fully utilized. We can then write the 
demand for the commodity as the product of the stock of 
applicances that use that commodity times the stock's utili- 
zation rate: 
where D l  p, and A stand for demand, utilization rate, and 
stock of appliances, respectively. (The subscript t, denoting 
time, is attached to p to indicate that the utilization rate 
is not constrained to a constant.) The transformation (3) 
simply means that instead of thinking of demand as a scalar, 
we will henceforth think of it as a two-dimensional vector 
identified by a stock of applicances and a utilization rate. 
In Figure 3 below, the demand at time t, Dt, is seen to 
represent the area defined by the rectangle in the left hand 
corner of the diagram. The three components of free demand 
can be identified in the diagram by noting the change that 
may take place in the stock of applicances and the utilization 
rate as we move from t to t + 1. 
1) At t + 1, a certain fraction of the stock of appli- 
ances will need to be replaced. If we denote the annual 
depreciation rate by r, the total depreciated appliances will 
be rAt, and the demand in the year t + 1 will drop by an 
amount equal to the area ptrAt (unless consumers decide to 
replace their depreciated appliances). This is the replace- 
ment demand. It corresponds to the solid area in the diagram. 

2 )  Some consumers may choose t o  i n c r e a s e  t h e i r  s t o c k  
of  a p p l i a n c e s .  With t h e  s t o c k  change denoted  by AAt+l 
( i . e .  A t + l  - A t )  t h e  i n c r e a s e  i n  demand f o r  t h e  e n e r g y  s o u r c e  
is  r e p r e s e n t e d  by t h e  a r e a  p A A t + l .  T h i s  i s  t h e  expans ion  t 
demand. In  t h e  d iagram,  it c o r r e s p o n d s  t o  t h e  shaded  a r e a .  
The above components,  1 )  and 2 ) ,  of f r e e  demand i n v o l v e  
a  d e c i s i o n  of a  long  t e r m  n a t u r e ;  b o t h  i n v o l v e  a  change i n  
t h e  s t o c k  i t s e l f ,  and s o  b o t h  have  a  l o n g  t e r m  r e p e r c u s s i o n  
o n  t h e  demand f o r  t h e  commodity. 
3 )  A d e c i s i o n  of a  s h o r t - r u n  n a t u r e  i s  a l s o  open t o  
t h e  consumer. H e  may i n c r e a s e  o r  d e c r e a s e  t h e  u t i l i z a t i o n  
r a t e  of h i s  a p p l i a n c e s  i n  r e s p o n s e  t o  p r i c e  v a r i a t i o n s .  I n  
t h e  d iagram,  w e  show Apt+l > 0, b u t  t h e  argument i s  t h e  same 
f o r  Apt+l  < 0. The i n c r e a s e  i n  demand due t o  t h e  i n c r e a s e  i n  
u t i l i z a t i o n  r a t e  is  e q u a l  t o  t h e  a r e a  A t + l A p t + l .  T h i s  c o r r e -  
sponds  t o  t h e  b l a c k  r e c t a n g l e  i n  t h e  d iagram.  
The sum of t h e  t h r e e  components,  1 ) , 2 )  , and 3 )  above ,  
c o n s t i t u t e s  t h e  f r e e  demand a t  t + 1. Denot ing t h e  f r e e  
demand by g a n d  u s i n g  t h e  n o t a t i o n s  d e f i n e d  above,  w e  have 
S h i f t i n g  ( 4 )  back by one  p e r i o d  and making u s e  o f  ( 3 ) ,  w e  
have 4 
Equa t ion  (5) e x p r e s s e s  t h e  ( u n o b s e r v a b l e )  f r e e  demand i n  
t e r m s  of  c u r r e n t  a s  w e l l  a s  l agged  demand. Note t h a t  t o  
d e r i v e  ( 5 )  w e  d i d  n o t  have t o  c o n s t r a i n  p t o  a  c o n s t a n t .  
' p l e a s e  n o t e  t h e  d i f f e r e n c e  i n  n o t a t i o n s :  9 d e n o t e s  
f r e e  demand; t h e  r e g u l a r  D d e n o t e s  observed  demand. 
A s  a f r a c t i o n  of  observed  demand, t h e  f r e e  demand i s  
T h i s  is  t h e  e x p r e s s i o n  I used i n  c a l c u l a t i n g  t h e  f r e q u e n c i e s  
shown i n  F i g u r e  1 ,  e x c e p t  t h a t  f o r  t h e  p a r t i c u l a r  c a s e  o f  t h e  
i n d u s t r i a l  demand f o r  g a s  i n  Canada, I c o n s t r a i n e d  r t o  z e r o .  
(See below. ) 
From t h e  t r a n s f o r m a t i o n  (31 ,  one can d e r i v e  s e v e r a l  
o t h e r  u s e f u l  r e s u l t s .  To g i v e  one example: L e t  S and D e  d e n o t e  
t h e  s a l e s  o f  an  a p p l i a n c e  ( e - g . ,  a  c o a l - u s i n g  a p p l i a n c e )  and 
t h e  t o t a l  d e p r e c i a t i o n  of  t h e  a p p l i a n c e ,  r e s p e c t i v e l y ,  mea- 
s u r e d  a s  b e f o r e  i n  t e r m s  o f  BTU e q u i v a l e n t .  Then we have: 
Assuming t h a t  t h e  d e p r e c i a t i o n  r a t e  f o r  t h e  a p p l i a n c e  i n  
q u e s t i o n  can b e  r e a s o n a b l y  approximated by a  c o n s t a n t ,  we 
have : 
S u b s t i t u t i n g  from ( 8 )  i n t o  ( 7 ) ,  r e a r r a n g i n g  t e r m s  and u s i n g  
- 1  E t o  d e n o t e  t h e  (one-per iod)  backward s h i f t  o p e r a t o r ,  we 
have 
S u b s t i t u t i n g  from ( 9 )  i n t o  (31,  c l e a r i n g  t h e  denomina tor  and 
r e a r r a n g i n g  t e r m s ,  we have 
I n  t h e  s p e c i a l  c a s e  where we a r e  d e a l i n g  w i t h  an a p p l i -  
ance whose u t i l i z a t i o n  r a t e  i s  known t o  be c o n s t a n t  ( 1 0 )  
s i m p l i f i e s  t o  
where t h e  l h s  o f  (11)  i s  t h e  same a s  t h e  r h s  o f  ( 5 ) .  
I n  o t h e r  words ,  when we a r e  d e a l i n g  w i t h  an a p p l i a n c e  whose 
d e p r e c i a t i o n  and u t i l i z a t i o n  r a t e s  a r e  r e a s o n a b l y  c o n s t a n t ,  
t h e  f r e e  demand s imply  reduces  t o  a  f r a c t i o n  of t h e  s a l e s  of 
t h e  a p p l i a n c e .  T h i s  is  a l s o  a s  we would e x p e c t  s i n c e  t h e  
v a r i a t i o n  i n  t h e  u t i l i z a t i o n  r a t e  ( i . e .  t h e  s h o r t  run  e f f e c t )  
is  t h e n  e q u a l  t o  z e r o ,  and w e  a r e  l e f t  o n l y  w i t h  t h e  l o n g  run  
e f f e c t .  Hence, i f  d a t a  on t h e  demand f o r  t h e  commodity t h a t  
u s e s  t h a t  a p p l i a n c e  a r e  n o t  a v a i l a b l e ,  w h i l e  d a t a  on t h e  s a l e  
of t h e  a p p l i a n c e  i t s e l f  a r e  a v a i l a b l e ,  t h e n  t h e  r h s  of  
(1  1 )  p r o v i d e s  a  u s e f u l  a l t e r n a t i v e  t o  t h e  r h s  of  ( 5 )  f o r  
e x p r e s s i n g  t h e  (unobservab le )  f r e e  demand i n  terms of an 
o b s e r v a b l e  v a r i a b l e .  A good example is t h e  f r e e  demand f o r  
e l e c t r i c i t y  used i n  home e l e c t r i c  r e f r i g e r a t o r s .  
11. The I n d u s t r i a l  Model 
The n e x t  s t e p  i s  t o  s p e c i f y  a  r e l a t i o n s h i p  between t h e  
f r e e  demand and i t s  d e t e r m i n a n t s .  T h i s  v a r i e s  w i t h  t h e  
marke t s .  L e t  m e  begin  w i t h  t h e  i n d u s t r i a l  marke t s .  
The i n d u s t r i a l  demand f o r  an energy  s o u r c e  is  a  demand 
f o r  a  f a c t o r  of p r o d u c t i o n .  A s  s u c h ,  w e  would e x p e c t  it t o  
5 ~ f  w e can  r e a s o n a b l y  assume a l s o  t h a t  t h e  d o l l a r  v a l u e  
o f  an  a p p l i a n c e  is  a  good r e f l e c t i o n  o f  i t s  BTU c a p a c i t y ,  w e  
may r e p l a c e  t h e  BTU e q u i v a l e n t  o f  t h e  s a l e s  by t h e i r  d o l l a r  
v a l u e .  T h i s  was i m p l i c i t  i n  F i s h e r ' s  e s t i m a t i o n  of  t h e  l o n g  
r u n  demand f o r  e l e c t r i c i t y .  F i s h e r  used t h e  s a l e s  o f  a p p l i a n c e s  
a s  t h e  dependent  v a r i a b l e  (see [6]). When t h e  ( f i x e d )  u t i l i -  
z a t i o n  r a t e  i s  n o t  a l lowed  f o r ,  t h e  u s e  o f  t h e  a p p l i a n c e  s a l e s  
a s  t h e  dependent  v a r i a b l e  w i l l  o v e r e s t i m a t e  t h e  r e s p o n s e  param- 
eters i n  t h e  f r e e  demand e q u a t i o n .  For  = -8, t h e  e s t i m a t e d  
p a r a m e t e r s  w i l l  b e  25% l a r g e r  t h a n  t h e y  s h o u l d  be.  
depend on a  p roduc t i on  and a  p r i c e  v e c t o r .  I n  s p e c i f y i n g  
t h e  r e l a t i o n s h i p  we fo l l ow  t h e  t e n e t s  o f  t h e  n e o - c l a s s i c a l  
t h e o r y  of  f a c t o r  demand. Our on ly  d e p a r t u r e  i s  i n  w r i t i n g  
t h e  f r e e  demand i n s t e a d  of t h e  t o t a l  demand a s  t h e  dependent  
v a r i a b l e . 6  L e t t i n g  LB denote  i n  t h i s  s e c t i o n  t h e  f r e e  indus-  
t r i a l  demand f o r  g a s ,  w e  have 
where 
PG deno t e s  t h e  i n d u s t r i a l  p r i c e  o f  g a s ;  
PS deno t e s  t h e  p r i c e s  o f  g a s  s u b s t i t u t e s ;  and 
MA deno t e s  ( r e a l )  manufac tur ing  p r oduc t i on .  
( N o  g a s  o r  c o a l  i s  used i n  mining p r oduc t i on .  For  e l e c t r i c i t y  
and o i l ,  I e s t i m a t e d  t h e  mining and manufac tur ing  demand 
s e p a r a t e l y . )  
I n  e s t i m a t i n g  (12)  I s u b s t i t u t e d  f o r  at from ( 5 )  b u t  
c o n s t r a i n e d  t h e  d e p r e c i a t i o n  r a t e  t o  z e r o ,  s i n c e  t h e  indus-  
t r i a l  demand f o r  n a t u r a l  g a s  i n  Canada i s  a  r e l a t i v e l y  new 
phenomenon.' Hence o u r  dependent  v a r i a b l e  r educes  i n  t h i s  
6~ d i d  i m p l i c i t l y  assume though t h a t  t h e  p r oduc t i on  
f u n c t i o n  i s  s e p a r a b l e .  
I For comple teness ,  I have e s t i m a t e d  each  v e r s i o n  I con- 
s i d e r e d  ( n o t  r e p o r t e d  h e r e )  w i t h  a  v a r i a b l e  d e p r e c i a t i o n  r a t e ,  
a s  w e l l  a s  w i t h  a  c o n s t a n t  d e p r e c i a t i o n  r a t e .  A s  expec t ed ,  t h e  
r e s u l t s ,  though by no means uniform,  d i d  n o t  i n d i c a t e  t h a t  
t h e r e  was much of  a  rep lacement  market  f o r  g a s  t o  s t a r t  w i t h  
d u r i n g  t h e  sampled pe r i od .  I n t e r p r o v i n c i a l  g a s  d i d  n o t  s t a r t  
f lowing  u n t i l  1958 o r  1959. Note a l s o  t h a t  t h e  amount o f  g a s  
consumed i n  t h e  e a r l y  1960 ' s  was v e r y  s m a l l  compared t o  t h e  
l a t e r  p a r t  o f  t h e  s i x t i e s .  Hence even i f  we assume t h a t  p a r t  
o f  t h e  a p p l i a n c e s  w e r e  t o  b e  r e p l a c e d  a f t e r  s i x  o r  seven  y e a r s  
o f  u se  (due t o ,  s ay ,  t e c h n o l o g i c a l  o b s o l e s c e n c e ) ,  t h i s  would 
h a r d l y  have any e f f e c t  on t h e  i n d u s t r i a l  demand f o r  gas  s i n c e  
t h e  whole s t o c k  i n  t h e  e a r l y  s i x t i e s  must have been v e r y  s ma l l .  
case  t o  ADt. (For c o a l ,  o i l ,  and e l e c t r i c i t y ,  however, no such 
c o n s t r a i n t  was p laced  on t h e  replackment demand.) Seve ra l  prob- 
lems have t o  be d e a l t  w i th  p r i o r  t o  e s t i m a t i o n .  Among t h e s e  
a r e :  a )  t h e  o p e r a t i o n a l  d e f i n i t i o n s  of PG and P - b )  t h e  prob- S' 
lem of j o i n t  de te rmina t ion  of demand and p r i c e .  These a r e  d e a l t  
w i th  i n  Khazzoom [ 9 ] ,  pp. 24-46. To summarize t h e  d i s c u s s i o n  of 
t h e  problem of j o i n t  de te rmina t ion:  t h e  p r i c e s  of o i l  and c o a l  
a r e  exogenous v a r i a b l e s 8  f o r  t h e  samples p e r i o d  and, on t h e  
assumption t h a t  t h e  random terms a r e  s e r i a l l y  and contempora- 
neous ly  unco r re l a t ed ,  t h e  p r i c e s  of gas  and e l e c t r i c i t y  a r e  pre-  
determined v a r i a b l e s  i n  t h e  r e s p e c t i v e  demand e q u a t i o n s  f o r  
t h e s e  commodities f o r  each province  du r ing  t h e  1960's .  
S ince  t h e  form of f  (.) i n  (12)  is  n o t  known, it i s  neces- 
s a r y  t o  approximate t h e  f u n c t i o n  by a  Taylor  s e r i e s  f o r  e s t i -  
mation. Equat ion (13)  below shows t h e  r e s u l t s  f o r  t h e  n a t u r a l  
ga s  model we e s t i m a t e d  f o r  t h e  s i x  provinces :  B r i t i s h  Columbia, 
A lbe r t a ,  Saskatchewan, Manitoba, On ta r io ,  and ~ u e b e c  f o r  
1960-1970. These a r e  t h e  only  provinces  i n  which t h e r e  was 
i n d u s t r i a l  consumption of gas  du r ing  t h e  s i x t i e s .  
 he r e a d e r  w i l l  h a r d l y  need t o  be reminded t h a t  t h e  
s t a t emen t  i n  t h e  t e x t  is n o t  a b s o l u t e .  The p u r i s t i c  view 
of what is  commonly r e f e r r e d  t o  a s  exogenous v a r i a b l e  w i l l  
probably l e a d  u s  nowhere i f  pursued i n  p r a c t i c e .  This  i s  s o  
because t h e  random terms a r e  n o t  observable .  See t h e  l u c i d  
d i s c u s s i o n  of t h e  s u b j e c t  i n  C h r i s t  [ 3 ] ,  pp. 159-160. The 
s t a t emen t  t h a t  o i l  and c o a l  p r i c e s  a r e  exogenous should  be 
r ead  simply t o  mean t h a t  t h e  p roces s  by which o i l  and c o a l  
p r i c e s  a r e  determined i s  such t h a t  t h e s e  p r i c e s  meet c l o s e l y  
enough t h e  d e f i n i t i o n  of an exogenous v a r i a b l e .  I n  t h e  c a s e  
of o i l ,  f o r  example, t h e  s t a t emen t  b o i l s  down t o  t h e  a s s e r t i o n  
t h a t  t h e  demand f o r  o i l  i n  i n d i v i d u a l  provinces  i s  n o t  
s u b j e c t  t o  t h e  d i s t u r b a n c e s  t h a t  a c t i v a t e  world demand a s  
a  whole. 
A Gt = 20.09 (B.C) + 13.65 ( R e s t  o f  P r o v i n c e s )  
t r a t i o  (4 .50)  ( 5 . 2 2 )  
P ~ t  pZt 
- 70.10 + 83.66 2/3 
(4 .89)  ot/ (4 .62)  ( P ~ P C P E )  t 
T a b l e  1  summarizes t h e  e s t i m a t e d  r e s u l t s  f o r  o i l ,  
e l e c t r i c i t y ,  and c o a l  f o r  t h e  same per iod . '  W e  have s u b j e c t e d  
t h e s e  models t o  s e v e r a l  p r e d i c t i v e  and n o n - p r e d i c t i v e  tests,  
and t h e y  performed w e l l .  
The Mu1 t i p 1  iers 
For  a l l  models we e s t i m a t e d ,  we c a l c u l a t e d  t h e  impac t  
m u l t i p l i e r s  and ( e x c e p t  f o r  n a t u r a l  g a s )  t h e  l o n g  run  m u l t i -  
p l i e r s ,  a s  w e l l .  These a r e  d i s c u s s e d  a l o n g  w i t h  tests o f  t h e  
models i n  Kazzoom [ 9 ] ,  pp. 62-88 and [ l o ] ,  pp. 39-56. S i n c e  
t h e  e x p r e s s i o n s  used  i n  c a l c u l a t i n g  t h e  m u l t i p l i e r s  a r e  p a r t  
o f  a  more g e n e r a l  e x p r e s s i o n  which were a l s o  used  i n  
9  
P ~ t ' P ~ t r P ~ t r P ~ t  d e n o t e  s i m p l e  two-year a v e r a g e  p r i c e  
(of  t and t - 1)  f o r  c o a l ,  e l e c t r i c i t y ,  n a t u r a l  g a s ,  and o i l ,  
r e s p e c t i v e l y ,  i n  d o l l a r s  p e r  thousand therm; MA d e n o t e s  n e t  
5  
v a l u e  added by m a n u f a c t u r e r s  ( i n  $10 ) d e f l a t e d  by t h e  indus-  
t r i a l  s e l l i n g  p r i c e  i n d e x  f o r  m a n u f a c t u r e r s  i n  Canada; M I  de- 
n o t e s  g r o s s  v a l u e  o f  m i n e r a l  p r o d u c t i o n ,  e x c l u d i n g  cement,  
5  ( i n  $10 ) d e f l a t e d  by t h e  w h o l e s a l e  p r i c e  i n d e x  o f  a l l  m i n e r a l  
p r o d u c t i o n  i n  Canada. Gt,Ot,Et,Ct d e n o t e  t h e  consumption i n  
t r i l l i o n  BTU o f  n a t u r a l  g a s ,  o i l ,  e l e c t r i c i t y ,  c o a l ,  r e s p e c t i v e l y .  
The s u p e r s c r i p t s  M I  and  MA i d e n t i f y  t h e  manufac tur ing  and 
mining demand, r e s p e c t i v e l y .  
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de t e rmin ing  t h e  s i m u l a t i o n  h o r i z o n s ,  it i s  probably  wor thwhi le  
t o  t a k e  t i m e  a t  t h i s  s t a g e  t o  d e r i v e  t h e  more g e n e r a l  exp r e s -  
s i o n .  Without  l o s s  of g e n e r a l i t y ,  I w i l l  f o c u s  on e q u a t i o n  
(17)  i n  Table  1  which shows t h e  manufac tur ing  demand f o r  
e l e c t r i c i t y .  
For  c l a r i t y ' s  s ake ,  l e t  u s  w r i t e  P ~ t  i n  t e r m s  of what it 
p  - 'e + 'e s t a n d s  f o r  exp l i c i t l y - -nam e ly ,  Et - t t - l  , where 'e 
2  t 
d e n o t e s  e l e c t r i c i t y  p r i c e  i n  t h e  y e a r  t. S i m i l a r l y ,  t o  f o c u s  
on t h e  main p o i n t s ,  l e t  u s  a l s o  w r i t e  (POPGPC) i n  t h e  compact 
P  form St ( f o r  t h e  p r i c e  of s u b s t i t u t e s ) .  
W e  can  now i n i t i a t e  t h e  model a t  t = 0. S h i f t i n g  ( 1 7 )  
s u c c e s s i v e l y  forward  by one  p e r i o d  a t  a  t i m e ,  and s u b s t i t u t i n g  
i n  t h e  r e s u l t i n g  e q u a t i o n s ,  w e  can  rewrite t h e  manufac tur ing  
demand f o r  e l e c t r i c i t y  a s :  
J 
R e c a l l ,  w e  e s t i m a t e d  t h r e e  i n t e r c e p t s  f o r  13fd ; one  f o r  
B r i t i s h  Columbia; one  f o r  Quebec, O n t a r i o  and t h e  P r a i r i e  
P r ov ince s ;  and one f o r  t h e  A t l a n t i c  P r ov ince s ,  s o  t h a t  t h e r e  
a r e  r e a l l y  t h r e e  d i f f e r e n t  t e r m s  i n  a, depending on t h e  prov- 
i n c e .  O t h e r w i s e , w e  e s t i m a t e d  = .21; f3 = -03 ;  y l  = .70; 2 
y2 = .001; 6 = .10 and K = .92. 
The g e n e r a l  exp re s s ion  f o r  t h e  response  of e l e c t r i c i t y  
demand t o  e l e c t r i c i t y  p r i c e  over  consecu t ive  p e r i o d s  can be 
de r ived  by d i f f e r e n t i a t i n g  419) wi th  r e s p e c t  t o  'et, 
t = 1  , 2 , .  . . , T. We have : 
S i m i l a r l y  t h e  g e n e r a l  exp re s s ion  f o r  t h e  response  of 
e l e c t r i c i t y  demand t o  manufacturing product ion  over  consec- 
u t i v e  p e r i o d s  can be de r ived  by d i f f e r e n t i a t i n g  (19)  w i th  
r e s p e c t  t o  MAt, t = 1 ,2 ,3 ,  ..., T. We have: 
Equat ions  (20)  and (21)  w i l l  be u s e f u l  i n  t h e i r  p r e s e n t  
format  a s  a  c o n t r o l  mechanism f o r  de te rmining  t h e  maximum 
hor izon  over  which s imu la t ion  can be  c a r r e d  o u t  meaning- 
f u l l y .  We w i l l  r e t u r n  t o  t h i s  s u b j e c t  i n  a  minute. 
For  t = T = 1 ,  t h e  f i r s t  row i n  (20)  shows what i s  
cus tomar i ly1  r e f e r r e d  t o  a s  t h e  impact m u l t i p l i e r  ( o r  t h e  
 he f i r s t  row i n  (20)  g i v e s  t h e  immediate e f f e c t  f o r  
any t = T. I have added i n  t h e  t e x t  t h e  s t i p u l a t i o n  t h a t  
t = T = 1  s i n c e  it i s  common p r a c t i c e  t o  d e f i n e  t h e  impact  
m u l t i p l i e r  w i t h  r e f e r ence  t o  t h e  f i r s t  per iod .  But t h i s ,  o f  
cou r se ,  need no t  be s o ,  and t h e  impact  m u l t i p l i e r  i s  a p p l i -  
c a b l e  f o r  any t = T a s  (20)  shows. 
immediate e f f e c t )  o f  t h e  p r i c e  o f  e l e c t r i c i t y  on t h e  manufac- 
t u r i n g  demand f o r  e l e c t r i c i t y .  The second row shows t h e  i n -  
t e r i m  ( o r  i n t e r m e d i a t e  r u n )  mu l t i p l ' i e r s  of t h e  p r i c e  of elec- 
t r i c i t y  on t h e  manufac tur ing  demand f o r  e l e c t r i c i t y .  The same 
te rminology  a p p l i e s  t o  t h e  v a r i o u s  m u l t i p l i e r s  o f  t h e  manufac- 
t u r i n g  demand f o r  e l e c t r i c i t y  shown i n  ( 2 1 ) .  
Equa t ion  (20)  shows t h e  e x p r e s s i o n  f o r  t h e  p r i c e  m u l t i -  
p l i e r s  i n  i t s  most g e n e r a l  form. The t i m e  p a t h  of t h e  r e s pons e  
of e l e c t r i c i t y  demand t o  a  one-year impulse i n  t h e  p r i c e  of 
e l e c t r i c i t y  ( t h a t  is ,  an i n c r e a s e  i n  t h e  p r i c e  of e l e c t r i c i t y  
which o c c u r s  i n  a  s i n g l e  y e a r ,  b u t  which i s  n o t  s u s t a i n e d  
t h e r e a f t e r )  can be  d e r i v e d  by s imply  f i x i n g  t i n  (201,  and 
l e t t i n g  T va ry  over  t h e  range  of i n t e r e s t .  
When t i s  f i x e d  a t  t = 1,  (20) y i e l d s :  
The cumula t ive  response  i n  p e r i o d  T a f t e r  t h e  impulse 
a E$& 
i s  - , and i t s  l i m i t i n g  v a l u e  T + m i s  r e f e r r e d  t o  a s  
T=I 
t h e  t o t a l  response  o r  long-run m u l t i p l i e r .  
S i n c e  t h e  i n t e r i m  r e s pons e s  a r e  mono ton i ca l l y  d e c r e a s i n g  
f u n c t i o n s  o f  t i m e  ( K  < 1 )  t h e  e l e c t r i c i t y  demand w i l l  g r a d u a l l y  
g r a v i t a t e  back t o  i t s  i n i t i a l  l e v e l ,  EY, a s  t h e  cumula t ive  
response  approaches  i t s  l i m i t i n g  va lue .  Assuming a l l  v a r i a b l e s  
i n  (22)  a r e  h e l d  f i x e d  a t  t h e i r  l e v e l  i n  p e r i o d  1 ,  and l e t t i n g  
t h e  c o n s t a n t  c  deno te  - 1  / 3  
2c  a s  t h e  demand f o r  t h e  t o t a l  r e s p o n s e  w i l l  approach - 1 - K  
Ma' 
e l e c t r i c i t y  r e t u r n s  t o  i t s  i n i t i a l  l e v e l  El . 
When t h e  impulse  i s  s u s t a i n e d ,  demand of  c o u r s e  w i l l  n o t  
r e t u r n  t o  i t s  o r i g i n a l  l e v e l  b u t  d r o p  s t e a d i l y .  A t  t i m e  r ,  t h e  
amount by which demand h a s  dropped from i t s  l e v e l  i n  p e r i o d  1  
is  g i v e n  by: 
a ~ . A d  a~;fy a ~ f d  - a ~ f f  
~ u t  s i n c e  2= ; -- , - e t c .  , e q u a t i o n  ( 23) 
a p e  ape3  
may b e  w r i t t e n  a l t e r n a t i v e l y  a s :  
where I s u b s t i t u t e d  dpl  f o r  dpt,  t = 2 ,  ..., T ( t h e  s u s t a i n e d  
i n c r e a s e  i n  p r i c e  i s  t h e  same t h r o u g h o u t ) .  
Equa t ion  (24)  s a y s  t h a t  when t h e  i n c r e a s e  i n  t h e  p r i c e  
o f  e l e c t r i c i t y  i s  s u s t a i n e d ,  t h e  demand f o r  e l e c t r i c i t y  a t  
T = r  w i l l  b e  lower  t h a n  it was a t  T = 1  by an amount e q u a l  t o  
t h e  c u m u l a t i v e  r e s p o n s e  w e  c a l c u l a t e d  from (22)  f o r  T = r ,  11 
and t h a t  i n  t h e  l i m i t  demand w i l l  r e a c h  a  l e v e l  which i s  
l l l n  t h e  c a s e  o f  t h e  one-year  impulse ,  o f  c o u r s e ,  t h e  
demand a t  t i m e  T = r  w i l l  b e  lower  t h a n  demand a t  t i m e  T = 1  
o n l y  by an  amount e q u a l  t o  t h e  i n t e r i m  r e s p o n s e  ( n o t  t h e  
c u m u l a t i v e  r e s p o n s e )  a t  T = T. 
2 C  lower t han  i ts  i n i t i a l  l e v e l  E ; ~ ~  . I 2  This  is a l s o  t h e  1 - K  
same r e s u l t  we g e t  i f  we were t o  s o l v e  (1 7) f o r  t h e  e q u i l i b -  
rium va lue  zuddwhen t h e  exp lana to ry  v a r i a b l e s  a r e  h e l d  f i x e d  
a t  some equ i l i b r ium l e v e l  (which could  be  any l e v e l ,  i nc lud ing  
t h e i r  va lue  a t  T  = 1)  and d i f f e r e n t i a t e   with r e s p e c t  t o  
t h e  e q u i l i b r i u m  p r i c e  of  e l e c t r i c i t y .  
S i m i l a r  remarks apply  when t h e  i n s t rumen t  i s  t h e  pro- 
duc t ion  r a t h e r  t hen  t h e  p r i c e  v a r i a b l e .  Our p o i n t  of  d e p a r t u r e  
would then  be equa t ion  ( 2 1 ) .  The only  d i f f e r e n c e  is  t h a t  t h e  long 
K 
) t imes  t h e  ( r a t h e r  t han  -run m u l t i p l i e r  h e r e  i s  1 - K  
impact m u l t i p l i e r  (on t h e  assumption t h a t  a l l  predetermined 
v a r i a b l e s  a r e  h e l d  f i x e d ) .  Every th ing  t h a t  ha s  been s a i d  s o  
f a r  is  a p p l i c a b l e  t o  t h e  l i n e a r  models a s  w e l l .  
A knowledge of t h e  t ime p a t h  of  t h e  response  of demand 
t o  changes i n  t h e  p r i c e  v a r i a b l e  o r  t o  changes i n  t h e  pro- 
duc t ion  v a r i a b l e  i s  impor tan t  f o r  p o l i c y  purposes.  Th i s  should 
be c l e a r  from t h e  above d i s c u s s i o n  s i n c e  p o l i c y  measures taken  
today  may have s u b s t a n t i a l  consequences i n  t h e  f u t u r e  due t o  t h e  
12when e s t i m a t e s  of  demand i n  a  f u t u r e  p e r i o d  a r e  needed 
manual computat ions a r e  neces sa ry  when no acces s  t o  a  computer 
i s  a v a i l a b l e .  It i s  easy  t o  g e t  t h e  e s t i m a t e  of demand f o r  any 
t ime i n  t h e  f u t u r e  w i thou t  having t o  c a l c u l a t e  t h e  demand i n  
eve ry  i n t e r v e n i n g  yea r  by s imply s o l v i n g  t h e  d i f f e r e n c e  
equa t ion  ( 1 7 ) .  Fo r  example when t h e  i n c r e a s e  i n  t h e  p r i c e  of  
e l e c t r i c i t y  a t  t = 1 is s u s t a i n e d ,  w e  can w r i t e  E&- K E ~ ~ ?  = m ,  t 
where m deno te s  t h e  ( c o n s t a n t )  va lue  on t h e  r i g h t  hand s i d e  of  
(17)  f o r  p e r i o d  2. The gene ra l  s o l u t i o n  i s  t hen  g iven  by 
E - X d =  BKt-2  
t + where B = 1 - K  (E2 - . E l e c t r i c i t y  demand 
can then  be  c a l c u l a t e d  f o r  any 'time t i n  i h e  f u t u r e .  I n  a d d i t i o n ,  
when t h e  p o s t u l a t e d  i n c r e a s e  i n  p r i c e  is assumed t o  i n c r e a s e  by 
c o n s t a n t  amounts, t h e  d i f f e r e n c e  equa t ion  (17)  can be so lved  i n  
a  s i m i l a r  f a s h i o n ,  excep t  t h a t  t h e  p a r t i c u l a r  s o l u t i o n  w i l l  
have t r e n d  terms i n  it. S i m i l a r l y ,  when t h e  p o s t u l a t e d  i n c r e a s e  
i n  p r i c e  i s  assumed t o  i n c r e a s e  by a  c o n s t a n t  percentage ,  t h e  
p a r t i c u l a r  s o l u t i o n  can be found by t h e  method of  undetermined 
c o e f f i c i e n t s ,  o r  by making use of known r e s u l t s  f o r  polynomial 
f u n c t i o n s  of  s h i f t  o p e r a t o r s .  See Al len  [ I ] ,  pp. 176-208 and 
Kaplan 181, pp. 151-170. 
e x i s t e n c e  of de layed  ( i n t e r i m )  responses .  Droper d e c i s i o n  making 
r e q u i r e s  a  knowledge of t h e  t ime p r o f i l e  of  t h e  expec ted  
e f f e c t  of a l t e r n a t i v e  p o l i c y  measures. To keep t h i s  work with-  
i n  scope ,  I w i l l  n o t  pursue  t h i s  s u b j e c t  i n  d e t a i l  he re .  13 
I t  i s  impor tan t  t o  keep i n  mind though t h a t  an a n a l y s i s  
of t h e  impact m u l t i p l i e r s  by i t s e l f  i s  n o t  adequate  s i n c e ,  a s  
I i n d i c a t e d  above, it does n o t  t a k e  i n t o  account  t h e  subse-  
q u e n t  responses .  Yet,  it i s  q u i t e  conce ivable  t 3 a t  whi le  t h e  
impact  o f ,  s ay ,  manufacturing product ion  on e l e c t r i c i t y  demand 
may be sma l l e r  t han  t h e  impact  of  manufacturing p roduc t ion  on 
c o a l  demand, t h e  cumulat ive e f f e c t  may be such t h a t  t h e  r e v e r s e  
i s  t r u e  i n  t h e  long run. Proper  d e c i s i o n  making should t a k e  
t h i s  f a c t  i n t o  account .  To t h e  e x t e n t  t h a t  t h e  p i c t u r e  conveyed 
by t h e  long  run  m u l t i p l i e r s  r e v e r s e s  t h e  i n i t i a l  one conveyed 
by t h e  impact m u l t i p l i e r s ,  it i s  e v i d e n t  t h a t  somewhere a long  
t h e  l i n e  t h e  i n t e r i m  m u l t i p l i e r s  have b u i l t  up i n  one c a s e  
f a s t e r  t han  i n  t h e  o t h e r  t o  a  p o i n t  where t h e  i n i t i a l  p i c t u r e  
was reversed .  I t  should n o t  be d i f f i c u l t  t hen  t o  determine 
from an a n a l y s i s  o f  t h e  i n t e r i m  m u l t i p l i e r s  t h e  number of yea r s  
it took  t h i s  r e v e r s a l  t o  m a t e r i a l i z e .  
The Horizon of t h e  S imula t ion  
I n  d e a l i n g  wi th  a  non- l inear  model, it i s  impor tan t  n o t  
t o  over look  t h e  f a c t  t h a t  t h e  e f f e c t  on t h e  dependent  v a r i a b l e  
o f  a  change i n  an  i n s tunnen t  i s  determined,  among o t h e r  t h i n g s ,  
by t h e  l e v e l  of t h a t  ins t rument .  I n  s imu la t ion ,  t h e r e  i s a l w a y s  
t h e  danger  t h a t  t h e  p o s t u l a t e d  change i n  an i n s t rumen t  may, 
a f t e r  a  f i n i t e  number of yea r s ,  c a r r y  t h e  s imu la t ion  t o  an i n -  
admis s ib l e  reg ion  of  t h e  e s t ima ted  s u r f a c e ,  where t h e  s imu la t ion  
r e s u l t s  cease  t o  make economic sense .  I n  p r a c t i c e  it i s  n o t  
always ea sy  t o  d e t e c t  when t h e  r eg ion  has  been reached,  by 
simply looking  a t  t h e  dependent v a r i a b l e .  This  i s  a l s o  made 
131 have worked o u t  t h e  a n a l y s i s  elsewhere.  The i n t e r e s t e d  
r e a d e r  may want t o  c o n s u l t  Fede ra l  Power Commission [5], S e c t i o n  
5 ,  pp. 67-74; and Tables  111.38 and 111.39 i n  Khazzoom [ l o ] .  
more d i f f i c u l t  when t h e r e  a r e  s e v e r a l  provinces  t o  be watched, 
and when changes i n  s e v e r a l  ins t ruments  a r e  assumed t o  t a k e  
p l a c e  s imul taneous ly .  For t h i s  reason ,  it i s  impor tan t  t o  have 
some c o n t r o l  mechanism which enab le s  us t o  determine i n  advance 
t h e  hor izon  ( o r  t h e  number of y e a r s  ahead) f o r  which a  simu- 
l a t i o n  experiment  can be c a r r i e d  o u t ,  be fo re  t h e  i nadmis s ib l e  
r eg ion  i s  reached. Equat ions (20)  and (21)  provide  such a 
mechanism. To be s p e c i f i c  l e t  us  focus  on equa t ion  ( 2 0 ) .  
A s  e l e c t r i c i t y  p r i c e  i s  al lowed t o  i n c r e a s e  (hold ing  
P MAt and St f i x e d ) ,  a  p o i n t  may be reached when (20) becomes 
p o s i t i v e .  This  i s  a l s o  implied i n  t h e  q u a d r a t i c  r e l a t i o n s h i p  
P f o r  E;&< With e t  r i s i n g ,  t h e  cumulat ive response  a  f o r t i o r i  
r eaches  a  maximum (numer ica l ly)  a f t e r  a  f i n i t e  number of s t e p s  
beyond t h e  i n i t i a l  pe r iod .  Subsequently,  t h e  cumulat ive r e -  
sponse begins  a c t u a l l y  t o  dec rease  (numer i ca l ly ) .  The danger  
s i g n a l  i s  f l a s h e d  when t h e  model beg ins  t o  y i e l d  p o s i t i v e  
va lues  f o r  any one of t h e  te rms  i n  ( 2 0 ) .  Of cou r se ,  i f  PS, t h e  
p r i c e  of  s u b s t i t u t e s ,  i s  assumed t o  i n c r e a s e  a t  t h e  same t ime,  
t h e  t ime it t a k e s  any i n t e r i m  response  t o  change from nega t ive  
t o  p o s i t i v e  w i l l  be t h a t  much longer .  l 4  The same i s  t r u e  when 
- 
4 ~ q u a t i o n  (1  9) t e l l s  us  t h a t  when e l e c t r i , c i t y  p r i c e  and 
t h e  p r i c e  of s u b s t i t u t e s  i n c r e a s e  a t  t h e  same r a t e ,  ho ld ing  MA 
f i x e d ,  e l e c t r i c i t y  demand remains unchanged. The r e a d e r  should 
n o t  confuse  t h i s  r e s u l t  wi th  t h a t  de r ived  from ( 2 0 ) .  Indeed,  
(20)  i s  homogeneous of  degree minus 1 i n  p r i c e s ,  a s  we would 
expec t .  
a E;& 
But = 0 when e l e c t r i c i t y  p r i c e  t h e  p r i c e  of @ P 
s u b s t i t u t e s  i n c r e a s e  a t  t h e  same r a t e  ( t h e n  - Et i s  a c o n s t a n t ) .  
This  i s  c o n s i s t e n t  w i th  what (19)  shows. 
MA i s  al lowed t o  i nc rease .  I n  f a c t ,  w i th  s u f f i c i e n t l y  high 
r a t e  of growth of MA, (20)  w i l l  remain nega t ive  a s  long a s  
t h a t  r a t e  (of growth of MA) i s  maintained.  
Hence, t o  s imu la t e  meaningful ly wi th  t h e  model, one 
would want f i r s t  t o  examine t h e  r e s u l t s  from (20) f o r  any 
combination of p o s t u l a t e d  changes i n  t h e  predetermined v a r i -  
ab l e s .  The s imu la t ion  should n o t  be c a r r i e d  o u t  beyond (and 
p r e f e r a b l y  s topped be fo re )  t h e  t ime pe r iod  T when - 
t o  be nega t ive .  15 
Ad S i m i l a r  remarks apply  t o  t h e  v a r i o u s  m u l t i p l i e r s  of ET 
wi th  r e s p e c t  t o  MAt, t = 1 ,  ..., T. For meaningful s imu la t ion  
r e s u l t s ,  we want (21)  t o  be p o s i t i v e  f o r  each province  over  
t h e  whole t ime pe r iod  f o r  which t h e  s imu la t ion  i s  c a r r i e d  o u t .  
Here aga in ,  w i th  Pet r i s i n g  (hold ing  MA and PS f i x e d ,  t h e  
cumulat ive response  reaches  a  maximum a f t e r  a  f i n i t e  number of 
s t e p s  beyond t h e  i n i t i a l  per iod .  Subsequently t h e  cumulat ive 
response  beg ins  a c t u a l l y  t o  dec l ine .  The t ime it t a k e s  t h i s  t o  
happen may be prolonged i f  PS i n c r e a s e s  a t  t h e  same t ime a s  
e l e c t r i c i t y  p r i c e  i n c r e a s e s .  The oppos i t e  i s  t r u e  when MA 
i n c r e a s e s  a t  a  f a s t e r  r a t e ,  s i n c e  t h e  q u a d r a t i c  term e n t e r s  
( i n  t h e  c a s e  of e l e c t r i c i t y ,  o i l  and c o a l )  wi th  a  nega t ive  
s ign .  
Taken t o g e t h e r ,  (20) and (21)  determine t h e  maximal t ime 
ho r i zon  over  which we could  s i m u l a t e  meaningfu l ly  t h e  behaviour 
15we could  w r i t e  (20)  a s  a  f u n c t i o n  of  t h e  r a t e  of change 
i n  t h e  p r i c e  of e l e c t r i c i t y ,  p r i c e  6f s u b s t i t u t e s ,  and manu- 
f a c t u r i n g  product ion ,  and s o l v e  f o r  t h e  t ime hor izon  T t h a t  
would keep t h e  f i r s t  t e rm i n  (20) s m a l l e r  t han  o r  e q u a l  t o  
zero- -condi t iona l  on t h e  i n i t i a l  va lue  of e l e c t r i c i t y  p r i c e ,  
p r i c e  of s u b s t i t u t e s ,  and manufacturing product ion .  The so lu -  
t i o n  i s  n o t  s t r a i g h t f o r w a r d ,  however, because of t h e  exponen- 
t i a l  terms w i t h  which t h e  r a t e s  of growth e n t e r .  I t  i s  much 
e a s i e r ,  however t o  compute (20) f o r  any p o s t u l a t e d  r a t e  t o  
change i n  t h e  exp lana to ry  v a r i a b l e s  and de termine  t h e  t ime T 
when t h e  s i g n  of (20)  changes from nega t ive  t o  p o s i t i v e .  
of t h e  manufacturing demand f o r  e l e c t r i c i t y  under a l t e r n a t i v e  
assumptions about  t h e  behaviour of t h e  predetermined v a r i a b l e s .  
The maximal hor izon  i s  t h e  s m a l l e r  of  t h e  two t ime ho r i zons  
du r ing  which (20)  remains n e g a t i v e  and (21)  remains p o s i t i v e .  
To i l l u s t r a t e  how t h e  procedure works, l e t  me g i v e  a  
conc re t e  example t h a t  I worked o u t  f o r  t h e  q u a d r a t i c  model of 
t h e  i n d u s t r i a l  demand of gas ,  and which I e s t i m a t e  i n i t i a l l y  
f o r  1960-1968 f o r  Quebec, On ta r io ,  Manitoba, Saskatchewan, 
A lbe r t a ,  and B r i t i s h  Columbia. The main d i f f e r e n c e  between 
t h i s  model and t h e  e l e c t r i c i t y  model we have been d i s c u s s i n g ,  
i s  t h a t  i n  t h e  c a s e  o f  gas  1:Je cons t r a ined  K t o  1. But wi th  
K > 0, t h i s  does n o t  a f f e c t  t h e  essence  of  t h e  procedure.  
a G~ Taking 1969 a s  t h e  base  yea r ,  I c a l c u l a t e d  - a GT and -
a P 
g t  MAt - 
(where Gt s t a n d s  f o r  t h e  i n d u s t r i a l  demand f o r  g a s )  us ing  a  
4% r a t e  of growth f o r  r e a l  manufacturing product ion  i n  cornbi- 
n a t i o n  w i t h  a  5% r a t e  of growth of gas  p r i c e  and z e r o  change 
i n  t h e  p r i c e  of gas  s u b s t i t u t e s .  The r e s u l t s  a r e  shown i n  
Table 2. l 6  The upper panel  of t h e  t a b l e  shows t h e  v a r i o u s  p r i c e  
m u l t i p l i e r s .  I t  can be  seen  t h a t  t h e  m u l t i p l i e r s  i n c r e a s e  
(numer ica l ly)  from t h e  f i r s t  t o  t h e  second yea r ,  b u t  beyond 
t h a t ,  t hey  begin t o  dec rease  i n  a l l  p rovinces  excep t  i n  
On ta r io .  Hence t h e  s i z e  of  MA i s  s o  l a r g e  t h a t  w i th  a  4% growth 
r a t e  of MA, t h e  response  of  gas  demand t o  gas  p r i c e  cont inued  
t o  i n c r e a s e .  (Reca l l  i n  t h e  ca se  of  gas ,  K = 1 . )  The l a s t  row 
of t h e  upper pane l  shows t h e  - a G ~  f o r  each province .  I t  can 
a Pgm 
A 
be seen  t h a t  by 1979 t h e  i n t e r i m  m u l t i p l i e r  has decreased  t o  
a  p o i n t  where - a G ~  w i l l  no longe r  be nega t ive  i n  eve ry  
a P 
g t  
1 6 ~ h e  r e s u l t s  i n  t h i s  t a b l e  a r e  shown t o  t h r e e  decimal  
p o i n t s ,  mainly t o  i l l u s t r a t e  t h e  p o i n t  about  t h e  de t e rmina t ion  
of t h e  t ime hor izon .  
Table 2. Impact multipliers and interim multipliers 
(in trillion BTU) of the industrial demand 
for gas with respect to gas price and real 
manufacturing production. Initial year is 
1969 .  Rate of growth of real manufacturing 
production = 4%;  icrease in gas price = 5 % ;  
increase in the price of substitutes = 0 % .  
year Quebec Ontario Manitoba Saskatch- 
ewan Columbia 
Year 
1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
Manitoba 
- 0 . 1 0 4  
- 0 . 1 8 5  
-0 .169  
-0 .152  
Quebec 
- 0 . 2 5 3  
- 0 . 4 8 4  
- 0 . 4 7 0  
- 0 . 4 5 3  
ewan 
- 0 . 0 9 5  
-0 .178  
-0 .170  
- 0 . 1 6 2  
Ontario 
-0 .571  
- 1 . 1 6 5  
-1 .181  
- 1 . 1 9 8  
Alberta 
- 0 . 1 3 1  
-0 .259  
- 0 . 2 5 7  
- 0 . 2 5 5  
British 
Columbia 
- 0 . 1 1 1  
- 0 . 1 9 1  
-0 .170  
-0 .148  ~ 
province for T beyond 1979. l 7  This determines then a horizon 
of ten years (beginning in 1970 and ending in 19791, during 
which the model results will continue to make sense from the 
point of view of the effect of gas price on gas demand. 
The lower panel of the table shows that beyond the first 
a G, 
year, declines steadily. The table also shows that by 1976 
aMAt a G- 
" will no the interim multiplier has reached a point where -a m L  c 
longer be positive in every province18 for T beyond 1976. This 
then determines a horizon of seven years, beginning in 1970. 
The maximum horizon over which we could simulate meaning- 
fully under the conditions postulated in Table 2 is then seven 
years--which is the smaller of the two time horizons determined 
by the two panels of the table. The purpose of the preceding 
discussion was simply to illustrate the procedure we used in 
determining the horizons over which the simulations were 
carried out. 
111. Estimated Results for the Residential and Residential- 
Commercial Markets 
Estimated results for the residential and the commercial 
markets are not complete. Work is still in progress on these 
markets. Table 3 below shows estimated results for the resi- 
dential and commercial markets. 
The hypothesis that an increase in the proportion of 
apartments in total dwellings tends to lower the response of 
demand to price is confirmed in the residential markets for 
17.5ee 3 in British Columbia. 
ap 
gt 
T a b l e  3. 
RESIDENTIAL MARKETS 1960-1970 
N a t u r a l  Gas:  
P 
AGt = 2.99 - . 45  Gt I - . 1 5 A ~ t . ~ +  .OO5HOt 
(5 .83)  ( 1 . 1 0 )  (pOpCpE):3 ( 5 . 6 )  ( 6 . 3 2 )  
E2 = . 71  D.F. = 61 
E l e c t r i c i t y :  
AFt = - 3 9  - . 06  + - 0 3  y t  - . 0 2  Et-l 
( 2 . 3 5 )  ( 2 . 2 7 )  (pOpCpG):/ ( 3 . 0 4 )  ( 1 . 0 0 )  
E2 = . 91  D.F. = 62  
O i l :  
-
A O t  = 3.81 - 12.17 I + 0.5 Y t +  .39  P o t  1 /3  
( 2 . 0 7 )  ( 3 . 1 1 )  ( P O ~ E ~ C ) : ~  ( 2 . 2 1 )  ( 3 . 5 4 )  ('G'E'c) t 
ii2 = . 2 5  D.F. = 106 
I COMMERCIAL MARKETS 1960-1970 I 
N a t u r a l  Gas:  
ii2 = . 4 9  D.F. = 62  
N o t e :  Apt .  = X a p a r t m e n t s  i n  t o t a l  d w e l l i n g s ;  
Hot = number o f  h o u s e h o l d s ,  i n  t h o u s a n d s ;  
POt = p o p u l a t i o n ,  i n  t h o u s a n d s ;  
y t  = t w o - y e a r  a v e r a g e  r e a l  p e r s o n a l  income,  a t  t a n d  t - 1 ,  
i n  b i l l i o n  $ o f  1961 p r i c e s ;  a n d  
Yt = two-year  a v e r a g e  p e r s o n a l  income,  a t  t a n d  t - 1 ,  i n  
c u r r e n t  b i l l i o n  $. 
o i l  (and t h e  commercial markets  fox  g a s ) .  I n  g e n e r a l ,  t h e  
e f f e c t  of  an apartment  is  t o  c r e a t e  a  b u f f e r  between t h e  
purchaser  of  t h e  energy resource  ( t h e  t e n a n t )  and t h e  pur- 
chase r  of  t h e  equipment ( t h e  owner).  By d ivo rc ing  t h e  payer  
of t h e  o i l  b i l l  from t h e  i n v e s t o r  i n  t h e  o i l - u s i n g  equipment, 
apartment  dwel l ing  t ends  t o  reduce t h e  l i n k  between t h e  r e -  
placement and expansion demand f o r  o i l ,  on t h e  one hand, and 
t h e  p r i c e  of o i l ,  on t h e  o t h e r  hand. 
We have e s t ima ted  a  s i m i l a r  r e l a t i o n s h i p  ( a s  f o r  o i l )  
f o r  t h e  r e s i d e n t i a l  demand f o r  n a t u r a l  gas ;  b u t  t h e  e s t i m a t e s  
were n o t  meaningful.  The a l t e r n a t i v e  r e s u l t s  r epo r t ed  i n  Table 3 
f o r  t h e  r e s i d e n t i a l  demand f o r  n a t u r a l  ga s  r e f l e c t  t h e  f a c t  
t h a t  an i n c r e a s e  i n  t h e  sha re  of apar tments  tends  t o  reduce t h e  
demand f o r  gas.  I n  i t s e l f  t h i s  i s  n o t  s u r p r i s i n g ,  s i n c e  it 
t a k e s  l e s s  t o  h e a t  an apartment  than  a  house. We have n o t  been 
a b l e ,  however, t o  f i n d  a  convincing reason f o r  t h e  d i f f e r e n t  
e f f e c t  e x e r t e d  by apar tments  on t h e  demand f o r  n a t u r a l  ga s  and 
o i l  i n  t h e  r e s i d e n t i a l  market. One reason  may very  w e l l  be t h e  
f a c t  t h a t  d a t a  f o r  t h e  r e s i d e n t i a l  demand f o r  n a t u r a l  ga s  do 
n o t  i nc lude  gas  consumed by households r e s i d i n g  i n  apartments .  
When a  household changes dwel l ing  from a  house t o  an apartment  
(and con t inues  t o  use n a t u r a l  g a s )  it i s  r epo r t ed  i n  many 
c a s e s  ( t h e r e  i s  no uni formi ty  i n  r e p o r t i n g )  under commercial 
demand ( n o t  r e s i d e n t i a l  anymore). Hence, a  swi tch  t o  a p a r t -  
ments appears  a s  a  n e t  l o s s  t o  t h e  r e s i d e n t i a l  market .  The 
f a c t  t h a t  n a t u r a l  ga s  demand by apartment  households i s  n o t  
always inc luded  under r e s i d e n t i a l  demand may account  f o r  t h e  
f a c t  t h a t  t h e  e s t i m a t e s  were n o t  meaningful when we c a l c u l a t e d  
( f o r  r e s i d e n t i a l  demand f o r  n a t u r a l  ga s )  an equa t ion  comparable 
t o  t h e  r e s i d e n t i a l  demand f o r  o i l .  
I V .  Simula t ion  
I n  t h i s  s e c t i o n  I show s e l e c t e d  s imu la t ion  r e s u l t s  which 
focus  on t h e  e f f e c t  of  p r i c e  on demand. F i g u r e s  4 t o  6  a r e  
based on e a r l i e r  e s t i m a t e s  (1960-1968) of t h e  i n d u s t r i a l  demand 
Figure 9.  Simulation r e s u l t s  o f  the  indus tr ia l  demand f o r  gas i n  Quebec: r e a l  manufacturing 
production increas ing a t  the h i s t o r i c a l  ra te  o f  the s i x t i e s :  pr i ce  o f  s u b s t i t u t e s  
increas ing by 5% annually above t h e i r  1969 l e v e l ;  and gas pr i ce  increasing above its 
1969 l e v e l  by the percentages indicated.  
Figure 5 .  Simulation r e s u l t s  of  the  indus tr ia l  demand f o r  gas  i n  Ontario: r e a l  manufacturing 
production increasing a t  the h i s t o r i c a l  ra te  of  the  s i x t i e s ;  pr i ce  of  subs t i tu te s  
increas ing by 5% annually above their1969 l e v e l ;  and gas  pr i ce  increasing above i t s  
1969 l e v e l  by the  percentages indicated.  
Figure 6. Simulation results of the industrial demand for gas in Alberta: real manufacturing 
production increasing at the historical rate of the sixties: price of substitutes 
increasing by 5% annually above their 1969 level; and gas price increasing above 
its 1369 level bv the percentages indicated. 
f o r  n a t u r a l  gas.  Note t h e  e f f e c t  o f  a  change i n  gas  p r i c e  on 
t h e  demand i n  Quebec. I n  Ontar io  t h e  response i s  even l a r g e r .  
( I n  f a c t  we had t o  p l o t  Ontar io  on 1/10 of  t h e  s c a l e  used f o r  
Quebec o r  A lbe r t a . )  Con t ra s t  t h e  s i z e a b l e  e f f e c t  of  p r i c e  on 
t h e  demand i n  Ontar io  wi th  t h e  very smal l  e f f e c t  o f  p r i c e  on 
demand i n  Alber ta .  ( I t  i s  i n t e r e s t i n g  t o  s e e  i n  t h i s  con tex t  
t h e  c o n s t a n t  s t r i f e  between Albe r t a  and Ontar io  about  r a i s i n g  
t h e  p r i c e  of  n a t u r a l  g a s . )  From t h e  p o i n t  o f  view of  p lanning ,  
r e g i o n a l  p a t t e r n s  such a s  t h e  one d i sp l ayed  by Albe r t a  ve r sus  
Ontar io  a r e  very impor tant  t o  unve i l .  I n  t h e  case  of  A lbe r t a ,  
a  p o l i c y  maker can say  with confidence t h a t  he has  a  handle  
on f u t u r e  demand. Not s o  i n  Ontar io .  Grea ter  c a r e  and cont in-  
gency planning i s  needed here.  Small d i sc repanc ie s  between 
t h e  e s t ima ted  and a c t u a l  p r i c e s  may mean tremendous d i f f e r e n c e s  
between a n t i c i p a t e d  and a c t u a l  demand i n  t h e  f u t u r e .  
F igu res  7 and 8  show a  d i f f e r e n t  s imu la t ion  format.  Here 
we p l o t t e d  a l l  p rovinces  on t h e  same diagram t o  s e e  each prov- 
i nce  i n  r e l a t i o n  t o  t h e  r e s t .  I n  comparing t h e  two diagrams, 
n o t e  i n  p a r t i c u l a r  t h e  r e l a t i v e  p o s i t i o n  of On ta r io  and Quebec. 
An i n c r e a s e  i n  t h e  p r i c e  of e l e c t r i c i t y  is seen t o  a f f e c t  
demand i n  On ta r io  much more than i n  Quebec. I n  F igure  7 Ontar io  
is  seen t o  over take  Quebec around 1976 (both  demand curves  a r e  
almost  l i n e a r ) ;  i n  F igure  8  O n t a r i o ' s  demand i s  seen t o  curve 
and t o  s t a y  below Quebec's (poss ib ly  wi th  i n c r e a s i n g  gap beyond 
1980). 
F igure  9  shows t h e  aggregated demand f o r  c o a l  i n  a l l  of  
Canada; i n  t h e  aggregate  c o a l  is more s e n s i t i v e  t o  p r i c e  than  
t h e  r e s t  of energy sources ,  which may say a  g r e a t  dea l  about  
t h e  f u t u r e  demand f o r  c o a l ,  i f  we could only  overcome t h e  prob- 
lem of emission c o n t r o l  i n  t h e  near  f u t u r e .  
F igure  10 shows a  s i m i l a r  diagram f o r  mining demand f o r  
o i l ;  t y p i c a l l y ,  mining demand f o r  o i l  is  more p r i c e - s e n s i t i v e  
than  mining demand f o r  e l e c t r i c i t y ,  p o s s i b l y  because o i l  e n t e r s  
more a s  a  source  of  h e a t  and l e s s  a s  p a r t  of mining technology 
than  e l e c t r i c i t y  does. 
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Figure 8. Simulation results for the manufacturing demand 
for electricity in Canada. Assumptions: price 
of electricity increaee faster than the price 
of substitutes by one percent (base 1969-70); 
real manufacturing production (in 1961 prices) 
increasing by the historical rate of the 60's 
less one percentage point (base 1970). 
Figure 9. Simulation results for the industrial demand for coal in Canada. 
Assumptions: real manufacturing production increasing at the 
historical rate of the sixties less one percentage point (base 1970): 
price of coal increasing faster (slower) than the price of sub- 
stitutes by the percentages indicated (base 1969-70). 

Figures 1 1  to 14 were prepared in connection with the 
James Bay Hearings. Here I raised the price of the substi- 
tutes of electricity and held the price of electricity fixed 
at its 1970 level in order to estimate the maximum demand 
for electricity in Quebec under conditions most favorable 
to electricity demand. 
For the combined residential-commercial markets hardly 
any price effect is discerned. This is quite understandable, 
since in the commercial markets (which make up approximately 
2/3 of the combined residential-commercial markets) electricity 
has hardly any substitute (particularly in electronic equip- 
ment, which is a big consumer of electricity). Some responsive- 
ness to price is present in the residential markets, perhaps 
reflecting the price responsiveness of the little electric 
space heating there is. 
The manufacturing demand for electricity, however, is 
very price sensitive, as one might expect of electricity prices. 
Note also the diminishing effect of the price of substitutes on 
the demand for electricity. For the first 5% increase in the 
price, the increase in electricity demand is larger than the 
increase in demand associated with the second round of increase 
in the price of substitutes. This is as it should be. As the 
upper layers of demand for substitutes are shaved off, further 
cuts meet greater resistance and therefore require bigger 
boosts in prices. 
Figures 15 and 16 (and the subsequent diagrams) were 
prepared in connection with the NEB Hearings on the future 
requirements of natural gas. The NEB asked, among other things, 
to forecast natural gas demand on the assumption that the price 
relationship that existed on May 15, 1974 will be maintained 
in the future (future demand under those price conditions are 
marked £1 and on the assumption that the price of gas is 
boosted to a level that equates gas price with oil price on a 
BTU basis. Since NEB did not say over what time horizon this 
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Figure 12.  Simulation results for electricity demand in the residential market 
in Quebec. nssumptiona: real nanufacturing production increasing at 
prices frozen at the 1970  level; and the prices of substitutes increasing 
by the percentages indicated. Base year is 1970.  
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Figure 13.  Simulation results for electricity demand in manufacturinq production 
in Quebec. Assumptions: real manufacturing production increasing at 
an average rate of 5.6% per annum; electricity price frozen at its 
1970 level; and the prices of substitutes increasing annually by the 
percentages indicated. Base year is 1970 .  
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g u r e  14.  Simula t ion  r e s u l t s  f o r  e l e c t r i c i t y  demand i n  mininq p roduc t ion  i n  
Quebec. Assumptions: r e a l  mining p r o d u c t i o n  i n c r e a s i n g  a t  an  ave rage  
r a t e  o f  6.3% p e r  annum; e l e c t r i c i t y  p r i c e  f r o z e n  a t  i ts 1970 l e v e l ;  
and t h e  p r i c e s  o f  s u b e t i t u t e s  i n c r e a s i n g  a n n u a l l y  by t h e  p e r c e n t a g e s  
i n d i c a t e d .  Bane year is 1970. 
F i g u r e  15. B r i t i s h  Columbia. S imula t ion  r e s u l t s  f o r  t h e  r e s i d e n t i a l  demand f o r  
n a t u r a l  gas .  Assumptions:  P r i c e  o f  o i l ,  c o a l ,  and e l e c t r i c i t y  f i x e d  
a t  t h e i r  l e v e l  o f  May 15, 1970. R a t i o  o f  apa r tmen t s  t o  t o t a l  d w e l l i n g s  
i n c r e a s i n s  a n n u a l l y  (from 1970 on )  by 3.06% and t o t a l  number o f  house- 
h o l d s  incGeasing by 3.35% a n n u a l l y .  - p r i c e  o f  g a s  f i x e d  a t  i t s  l e v e l  o f  
May 15, 1974 ( c u r v e  l a b e l l e d  f ,  f o r  f i x e d ) .  P r i c e  o f  g a s  boos t ed  o v e r  a 
two-year p e r i o d  (1975/76) t o  e q u a t e  it t o  o i l  p r i c e  on May 15, 19711 
( c u r v e  l a b e l l e d  2A). P r i c e  of g a s  boos t ed  o v e r  a f i v e - y e a r  p e r i o d  
(1975/79) t o  e q u a t e  it t o  o i l  p r i c e  on May 15, 1974 [ cu rve  l a b e l l e d  5A). 
Figure 16. Manitoba. Simulation results of the residential demand for natural gas. Assumptions: Price 
of oil, coal, and electricity fixed at their level of May 15, 1974. Ratio of apartments to 
total dwellings increasing annually (from 1970 on) by 3.08% 6 total number of households in- 
creasing by 1.61% annually. Price of gas fixed at its level of May 15, 1974 (curve labelled 
f, for fixed). Price of gas boosted over a two-year period (1975/76) to equate it to oil 
- 
price on May 15, 1974 (curve labelled 2A). Price of gas boosted over a five-year period 
(1975/79) to equate it to oil price on May 15, 1974 (curve labelled 5A). 
i n c r e a s e  is t o  t a k e  p l a c e ,  I boosted t h e  p r i c e  of  gas  t o  t h e  
e q u i v a l e n t  of t h e  p r i c e  of c rude  o i l  ove r  a two y e a r  pe r iod  
(curve  marked 2A) and a l t e r n a t i v e l y  over  a f i v e  y e a r  p e r i o d  
(curve  marked 5A). 
For  B r i t i s h  Columbia t h e  2A and 5A b o o s t  a r e  seen  t o  
s low down t h e  growth of  t h e  r e s i d e n t i a l  demands f o r  gas ,  b u t  
n o t  by t e r r i b l y  much i n  t h e  r e s i d e n t i a l  markets .  I n  Manitoba, 
however, t h e  2A and 5A i n c r e a s e s  a r e  seen  t o  have a tremendous 
e f f e c t  on t h e  demand f o r  gas .  Even wi th  a recovery  beginning  
i n  1985, t h e  s av ings  by 1994 remain ve ry  l a r g e .  A d r a s t i c  i n -  
c r e a s e  i n  p r i c e  could a f f e c t  even c a p t i v e  demand. I t  i s  impor- 
t a n t  t o  r e a l i z e  t h i s  p o i n t .  A b i g  enough i n c r e a s e  i n  energy 
p r i c e  can r e s t r a i n  energy even i n  r e l a t i v e l y  s h o r t  t ime.  The 
c o s t ,  however, may be a g r e a t  d e a l  of ha rdsh ip  t o  t h e  pub l i c .  
(I  r e g r e t  t h e  p l o t t i n g  r o u t i n e  d i d  n o t  p l o t  from z e r o  because 
of t h e  s i z e  of t h e  diagrams.)  
F igu re  17 shows t h e  commercial demand f o r  n a t u r a l  ga s  
f o r  a l l  p rov inces  p l o t t e d  on t h e  same c h a r t  wi th  2 A .  Except 
f o r  On ta r io  where t h e  hump appears  around 1976, fol lowed by 
cont inued  growth t h e  commercial demand slumps even i n  A lbe r t a  
and f i n a l l y  d r i e s  up i n  t h e  r e s t .  With 5A ( s e e  F igure  18) , t h e  
p i c t u r e  i s  e s s e n t i a l l y  t h e  same; t h e  only  d i f f e r e n c e  is t h a t  
t h e  outcome t a k e s  s l i g h t l y  l onge r  t ime t o  m a t e r i a l i z e .  
F igu re  19 shows t h e  aggrega ted  commercial demand i n  
Canada under t h e  t h r e e  p r i c e  s c e n a r i o s .  I t  is  c l e a r  t h a t  i n  
t h e  s h o r t  run  t h e  drop  i n  demand a s s o c i a t e d  wi th  2A p r i c e  
i n c r e a s e  i s  much l a r g e r  than  t h e  drop  a s s o c i a t e d  wi th  5A 
( s e e  t h e  i n t e r v a l  1976-1 98 1 ) . Over t h e  long run ,  however, t h e  
d i f f e r e n c e  i s  n o t  t h a t  b ig ,  b u t  i n  comparison wi th  demand under 
t h e  p r i c e  r e l a t i o n s h i p  t h a t  p r e v a i l e d  i n  May 1974, demand under 
2A o r  5A i s  l e s s  than  a t h i r d  of what it would have been i n  t h e  
e a r l y  n i n e t i e s .  
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Figure 17. Canada. Simulation results for the commercial demand for natural gas in Canada. Assmptions: 
Price of oil, coal, and electricity are fixed at their level of May 15, 19711. Price of 
as boosted over a two-year period (1975, 1976) to equate it to oil price of May 15, 19711. 
Zercentage of apts. to dwellings, and population, respectively, increasing from 1970 on at 
the following rates. Quebec: Apt. 1.10%. P. 1.00%; Ontario: Apt. 2.32%. P. 2.29%; 
Manitoba: Apt: 1.005, P. 0.71%; Saskatchewan: Apt. 2.025%. P. 0.41%; Alberta: Apt. 1.165, 
P. 1.20%; British Columbia: Apt. 3.06%. P. 3.05%. 
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Fiqure 18. Canada. Simulation remults for the colercial demand for natural gas in Canada. Assumptions: 
Price of oil, coal, and electricity are fixed at their level of May 15, 1974. Price of 
as boosted over a five-year period (1975, 1976, 1977, 1978, and 1979) to equate it to oil 
$rice of May 15, 1974. Ratio of apt. to dwellings, and population, respectively, increasing 
from 1970 on at the following rates. Quebec: ~ p t .  1.10%,-P. 1.00%; Ontario: Apt. 2.32%. 
P. 2.29%; Manitoba: A Q ~ .  1.00%. P. 0.71%; Saskatchewan: Apt. 2.025%. P. 0.41%; Alberta: 
&pt. l . l C U ,  ?. 1.10%; Britiah C o l w i a :  Apt. 3.06%. P. 3.05%. 
Figure 19. Canada. Aggregated simulation results for the commercial demand for natural gas in six 
provinces: Quebec, Ontario, Manitoba, Saskatchewan, Alberta, and British Columbia. 
Assumptions: price of oil, coal, and electricity fixed at their level of May, 15, 1974. 
Ratio of apartments to dwellings, and population, respectively, increasing from 1970 on at 
the following rates. Quebec: ~ p t .  l.lO$, P. 1.00%; Ontario: Apt. 2.32%. P. 2.29%; Manitoba: 
Apt. 1.00%, P. 0.71%; Saskatchewan: Apt. 2.025$, P. 0.41%; Alberta: Apt. 1.16%, P. 1.20%; 
British Columbia: Apt. 3.06%. P. 3.051. Price of gas fixed at its level of May 15, 1974 
(curve labelled f, for fixed): rice of gas boosted over a two-year period (1975-1976) to 
equate it to oil price of May If, 974 curve labelled 2A ; rice of as boosted over a five- 
eriod (1975, 1976, 1977, 197:, an: 1 9 7 9 ) m : t  fo oil pzce of May 15, 1974 
f-led 5,) . 
The tremendous sensitivity of the industrial demand 
for energy to energy price is illustrated in Figure 20 for 
Ontario. For demand in all markets combined, the picture is 
essentially the same (see Figure 21) because of the predominance 
of the industrial demand in the total. 
All of the simulation results tend to underestimate the 
total price effect on demand. The model I described served 
primarily as a satellite model. There was no econometric model 
of the economy that is detailed enough and which was equipped 
to process and feed back information generated by this model. 
Because of the lack of feedback effect, the adverse effect of 
the secondary wave of price increase on demand (due to a slow 
down of economic activity) is not reflected in the model. 
Allowing for the fact that the simulation results I 
showed tend to underestimate the effect of energy price or 
demand, we can summarize the major points of the simulation 
results we have seen so far: 
1) there are regional differences in the resnonsiveness 
of energy denand to energy price; 
2) in the short run the responsiveness of energy demand 
to energy price is fairly small, although even here 
large price increases could have a substantial effect, 
perhaps at the cost of a great deal of hardship to 
the public; 
3) in the long run, energy demand is sensitive, often 
extremely so, to price variations; 
4) typically, the manufacturing demand is much more 
sensitive than either the mining, commercial or 
residential demand for energy. 
These are important policy implications to these results, 
particularly in the use of energy price as a tool for restraining 
energy demand. 

F i g u r e  21. O n t a r i o .  S i m u l a t i o n  r e s u l t s  f o r  t h e  agg rega ted  demand ( i n c l u s i v e  o f  l o s s e s  and  a d j u s t m e n t s )  
i n  t h e  r e s i d e n t i a l ,  cammercia l ,  i n d u s t r i a l ,  and e l e c t r i c a l  u t i l i t i e s  marke t s  f o r  n a t u r a l  g a s .  
Assumptions:  P r i c e  o f  o i l ,  c o a l ,  and e l e c t r i c i t y  f i x e d  a t  t h e i r  l e v e l  o f  May 15, 1974. 
Fo l lowing  r a t e s  o f  i n c r e a s e  used  f rom 1970 on: R a t i o  of appa r tmen t s  t o  t o t a l  d w e l l i n g s  i n -  
c r e a s e d  by  2.32% annua l ly .  Number of househo lds  i n c r e a s e d  by 3.12% a n n u a l l y .  P o p u l a t i o n  in- -  
c r e a s e d  by 2.29% a n n u a l l y .  Real  manufac tu r ing  p r o d u c t i o n  i n c r e a s e d  by 7.20% a n n u a l l y .  P r i c e  
o f  g a s  f i x e d  a t  i ts  l e v e l  of May 15, 1974 ( c u r v e  l a b e l l e d  f ,  f o r  f i x e d ) .  P r i c e  o f  g a s  boos t ed  
o v e r  a two-year p e r i o d  (1975-1976) t o  e q u a t e  it t o  o i l  p r i c e  on May 15, 1974 ( c u r v e  l a b e l l e d  
2A). P r i c e  of gaa  b o o s t e d  o v e r  a f i v e - y e a r  p e r i o d  (1975-1979) t o  e q u a t e  i t  t o  o i l  p r i c e  on  
Hay 15, 1974 (c l i rve  l a b e l l e d  5A). 
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D i s c u s s i o n  
Sweeney 
I have a  few q u e s t i o n s  on t h e  Khazzoom s t u d y .  I l i k e d  h i s  
approach  t o  t h e  dynamics of  a d j u s t m e n t ,  u s i n g  t h e  n o t i o n  of  
c a p t i v e  v e r s u s  f r e e  demand. But ,  I see some problems w i t h  t h e  
independent  v a r i a b l e s .  I n  l o o k i n g  th rough  t h e  e q u a t i o n s ,  I 
n o t i c e d  t h a t  a l l  energy  p r i c e s  were s p e c i f i e d  a s  r a t i o s  of  t h e  
p r i c e  o f  one  f u e l  t o  a n o t h e r .  A s  I s e e  it, t h e s e  e q u a t i o n s  
imply t h a t  i f  t h e  p r i c e  o f  a l l  energy  p r o d u c t s  t r i p l e s ,  t h e  
e n e r g y  demands w i l l  n o t  change. So w h i l e  h e  t r ies  t o  f o c u s  on 
i n t e r f u e l  s u b s t i t u t i o n  i n  c a p t i v e  demands, h i s  s p e c i f i c a t i o n  
e x c l u d e s  t h e  n o t i o n  t h a t  t h e r e  may b e  "energy  c o n s e r v a t i o n . "  
It seems u n r e a s o n a b l e  t o  assume t h a t  i f  a l l  f u e l  p r i c e s  go  up 
p e o p l e  w i l l  c o n t i n u e  t o  demand t h e  same amount of  e n e r g y ,  y e t  
t h i s  i s  t h e  way t h e  e q u a t i o n s  a r e  s p e c i f i e d .  Secondly ,  I was 
concerned  a b o u t  t h e  i n s i g n i f i c a n t  s t a t i s t i c s  a s s o c i a t e d  w i t h  
many o f  t h e  v a r i a b l e s :  I q u e s t i o n  t h e  v a l i d i t y  o f  u s i n g  simu- 
l a t i o n s  b a s e d  upon changing p r i c e s  t h a t  were s t a t i s t i c a l l y  i n -  
s i g n i f i c a n t .  
Waverman 
I n  h i s  p a p e r  he  per forms  dynamic a n a l y s i s ,  and  t h i s  i s  v e r y  
i m p o r t a n t ,  a l t h o u g h  I r e a l l y  d o  n o t  b e l i e v e  t h a t  t h i n k i n g  of  it 
i n  t e r m s  of  c a p t i v e  v e r s u s  n o n c a p t i v e  i s  t h e  e s s e n t i a l  answer .  
I cannot  c o n c e i v e  how t h e  i n t e r r u p t i b l e  g a s  marke t  f i t s  i n ,  
e s p e c i a l l y  w i t h  d u a l  b u r n i n g  equipment .  These p e o p l e  can  s w i t c h  
between a l t e r n a t i v e  f u e l s  depending  on t h e  p r i c e .  For  example 
i n  Saskatchewan 90% of  t h e  i n d u s t r i a l  g a s  market  i s  i n t e r r u p t i b l e  
because  t h e  p r i c e  of  i n t e r r u p t i b l e  g a s  was a  l e g a l  q u a n t i t y  d i s c o u n t .  
How do  w e  t a k e  a c c o u n t  of  a l l  t h o s e  t h i n g s  and how do  you answer 
T a y l o r ' s  problem whether  t o  u s e  t h e  m a r g i n a l  o r  t h e  a v e r a g e  p r i c e ?  
Charpentier 
I wonder what are the current studies on the lag of re- 
sponse to price changes. Almost all studies assume that the 
response is very quick but we know the lag is long. 
Nordhaus 
The question really revolves around the distributed lag 
of quantity response to a price change. That was part of 
Khazzoom's presentation in which on a theoretical level that 
distributed lag is involved with the life of the equipment. When 
the equipment falls apart the lag is over. It is a very impor- 
tant question, but my own intuition is that we do not have any 
definitive econometric information on the lag. 
Sweeney 
In the US there are poor data on the capital stock of 
energy-using equipment. One area where good data do exist is 
the use of automotive gasoline. The Federal Highways Adminis- 
stration in the US collects information on the number and the 
efficiency of cars. I have developed a vintage capital model 
of the automobile use of gasoline focusing on the dynamics of 
adjustment. This is the only endeavor in which I have been 
able to find enough reliable data on the capital stock of 
energy using equipment to reasonably expect to analyze dynamic 
issues. 
Hutber 
I wanted to say that we in the UK have done some analysis 
of demand, but we had to abandon it. We did the statistical 
work to try and estimate the parameters in the model and we 
did have some success in estimating these. We did it by ad- 
justing the lag till we got the best fit. The thing that de- 
stroyed the model was not the problem of estimating lags. 
Rather we do not believe a unified demand modelling system can 
work. Instead, we use a complete range of models. 
Khazzoom 
I t h i n k  t h e  comments of b o t h  s p e a k e r s  a r e  w e l l  t a k e n .  
Sweeney's remark about  t h e  p r i c e s  is w e l l  t a k e n .  I t h i n k  
t h i s  is a weak p a r t  of t h e  model. I t  is a by-product  o f  t h e  
f a c t  t h a t  a l l  of  us  who worked on energy  f o r  q u i t e  some t i m e  
w e r e  c a u g h t  a l l  of a  sudden i n  an  u n f o r s e e a b l e  p r i c e  i n c r e a s e .  
The model s t a r t e d  o v e r  f i v e  y e a r s  ago. Energy c o s t s  w e r e  a 
v e r y  s m a l l  f r a c t i o n  of t h e  t o t a l .  The w o r s t  t h a t  w e  c o u l d  
e x p e c t  t h e n  was an i n c r e a s e  i n  t h e  p r i c e  of e n e r g y  of  10% annu- 
a l l y  which s t i l l  is t o o  s m a l l  t o  have any s i g n i f i c a n t  feedback  
e f f e c t .  When t h e  embargo went i n t o  e f f e c t  it was e v i d e n t  t h a t  
t h i s  is  n o t  adequa te .  I am t r y i n g  now t o  compensate f o r  it by 
c a p t u r i n g  t h e  feedback  e f f e c t  t h r o u g h  a  n a t i o n a l  model. But  
some of  t h e  p r i c e  c o e f f i c i e n t s  a r e  u n s t a b l e .  I t r y  t o  a l l o w  
f o r  t h a t  by s i m u l a t i n g  w i t h  v a r i o u s  s p e c i f i c a t i o n s .  
Nordhaus 
T h i s  h a s  been a  v e r y  i n t e r e s t i n g  set  of  comments. I would 
l i k e  t o  make a  c o u p l e  of remarks  on t h e s e  p a p e r s .  One theme 
t h a t  is  going  t o  r u n  th rough  t h e  e n t i r e  Workshop i s  t h e  d i s t i n c -  
t i o n  between t h e  demand f o r  energy  and t h e  i n t e r f u e l  s u b s t i t u t i o n  
problem. Tha t  i s  j u s t  what Sweeney was r e f e r r i n g  t o .  My i n t u -  
i t i o n  is  t h a t  you have a  f i g h t i n g  chance t o  e s t i m a t e  t h e  over -  
a l l  demand b u t  t h a t  you a r e  g o i n g  t o  be p lagued  i n  any i n t e r f u e l  
s u b s t i t u t i o n  e s t i m a t e s  by a l l  s o r t s  of t h i n g s .  J u s t  t o  t a k e  a  
s i m p l e  example: I n  Western Europe you w i l l  n e v e r  b e  a b l e  t o  
p r e d i c t  on t h e  b a s i s  of p r i c e  a l o n e  t h e  p e n e t r a t i o n  o f  n a t u r a l  
g a s  i n  t h e  N e t h e r l a n d s .  I f  you j u s t  look a t  what happened t o  
p r i c e s  and p e n e t r a t i o n  r a t e s  you j u s t  n e v e r  a r e  g o i n g  t o  b e  
a b l e  t o  p i c k  up t h e  d i f f e r e n t i a l  s p e e d s  of p e n e t r a t i o n .  
There  i s  a n o t h e r  t e c h n i q u e  which is  t o  t r y  t o  u s e  t h e  
e c o n o m e t r i c  approach f o r  o v e r a l l  e n e r g y  demand and an e n g i n e e r i n g  
programming approach  f o r  t h e  i n t e r f u e l  s u b s t i t u t i o n .  T h i s  i s  
b e i n g  done i n  a  number o f  p l a c e s  main ly  o u t s i d e  o f  North  America. 
W e  need a  d i v e r s i f i e d  box of t r i c k s  i n  o u r  f o r e c a s t i n g .  On t h e  
q u e s t i o n  of L e n c z l s  p a p e r ,  a s  w e l l  a s  Chapman and Mount 's  f o r e -  
c a s t ,  and a l s o  Khazzoom i n  a  s e n s e ,  you a r e  s e e i n g  v e r y  p r e c i s e  
i n d i v i d u a l  f o r e c a s t s  from a sing1.e s p e c i f i c a t i o n ,  b u t  when you 
p u t  two s p e c i f i c a t i o n s  t o g e t h e r  you g e t  t r emendous ly  wide v a r i -  
a t i o n s  i n  t h e  f o r e c a s t s .  I t h i n k  t h e r e  a r e  two t h i n g s  func-  
t i o n i n g  h e r e :  one i s  what I c a l l  a  L i m i t s  t o  Growth message, 
t h a t  you can  g e t  a n y t h i n g  you want  by s p e c i f y i n g - - o r  m i s s p e c i -  
fy ing- -your  f u n c t i o n a l  form p r o p e r l y .  The o t h e r  t h i n g  is  t h a t  
I t h i n k  e c o n o m e t r i c i a n s  a r e  a lways u n d e r e s t i m a t i n g  t h e i r  s t a n d a r d  
e r r o r s  and t h e i r  f o r e c a s t  e r r o r s .  I t h i n k  t h a t  i s  j u s t  what 
Sweeney was s a y i n g  t o  Khazzoom, t h a t  because  t h e  s t a n d a r d  e r r o r s  
a r e  h i g h ,  i f  he  had n o t  j u s t  p u t  i n  t h e  maximum l i k e l i h o o d  f o r e -  
c a s t  b u t  a l s o  a  c o n f i d e n c e  i n t e r v a l ,  t h e  p r e d i c t i o n  would be much 
less p r e c i s e .  
111. INDIVIDUAL ECONOMIES 
3 .1  E a s t e r n  E u r o p e  a n d  t h e  USSR 
Methods of Calculating Power Consumption 
In the USSR 
A. G. Vigdorchik and A. A. Makarov 
Determination of future energy demand is one of the 
major tasks in the complex problem associated with the 
rational development of the energy sector. The difficulty 
of this task stems not only from methodological and 
informational difficulties, but also from a special 
responsibility inherent in forecasting; energy demand 
predetermines not only the overall level and growth rate of 
the energy sector but also to a large extent, its inner 
structure,that is, methods used in converting primary 
energy sources, composition of conversion plants and, 
indirectly, demands for a particular type of primary energy 
resources. 
The determining influence of the scope and structure of 
energy demand on the nature of overall development of the 
energy sector makes the task involved in determination of 
the forecast indices composition non-trivial. The 
"cross-section" of the entire technological chain of energy 
conversion in relation to which a forecast for energy demand 
would be feasible is particularly essential. 
We believe that this "cross-section" is determined 
largely by the goals associated with the optimization of the 
energy sector by the degree of concreteness of the decisions 
made, and, naturally, by the available information. Hence, 
there can be at least three essentially different approaches 
to energy sector optimization, each having its own appropriate 
requirements for the content of the energy forecast. 
1 )  Since the composition and cost of primary energy 
sources exert influence on the fields of application of 
finite energy sources, a full-fledged optimization of the 
power economy predetermines the forecast of energy demand 
at the level of its final utilization in the sphere of 
material production and for everyday amenities. Then, the 
requirements for energy sources, and all the more for primary 
energy sources, can be determined by optimizing technological 
decisions throughout the entire chain of power conversion, 
ranging from primary sources up to and including the final 
utilization. 1 
2) In practice, however, it is common to have a more 
specific statement of the problem associated with the 
energy sector optimization, particularly when a forecast of 
demand for energy sources serves as a starting point of the 
calculations. In such a case the choice of rational kinds 
of energy sources for particular needs (or for final 
utilization) is beyond the scope of the optimization of the 
fuel and power system; the task of the optimization is 
reduced to the selection of the most optimal sizes of fuel 
generation plants and of the methods used in fuel production, 
processing, and geographical distribution. Production and 
'~ccording to terminology in the Soviet Union final 
utilization is taken to mean those directions in power 
consumption which reflect the character of its final purpose- 
ful processes, e.g. power, thermal energy, lighting, 
electrochemical uses, etc. An energy source is the source of 
energy used directly in production, transport and domestic 
life to generate final energy; a primary is the 
source of energy that formed as a result of geological 
development of the earth or other natural processes. See 
Energeticheskii Balans Terminologiya, in Russian (Nauka (
geographical distribution of energy sources are included in 
the task too. 
3) Lastly, in the most trivial case energy forecast 
may mean a direct demand for primary power sources. In 
this case, optimization includes only the allocation of 
primary power source production and distribution. 
Centralized planning of the energy sector in the Soviet 
Union is exercised with a procedure that is intermediate 
between the first and the second statements of the 
optimization problem. The demand for energy sources is the 
value which is subject to direct forecast, and is therefore 
exogenous to the optimization, as is the rational composition 
of such sources for the most common technological and social 
processes. The great stability of forms of final energy 
expenditures in relation to the existing variety of 
technologies and the stable composition of energy sources 
for the greater part of energy consumption makeit possible 
to draw up short- and medium-term forecasts of demands for 
specific energy sources with a simultaneous verification of 
the feasibility of their utilization in controversial cases. 
We believe that such an approach to the forecast at the 
level of energy sources under centralized planning is the 
most rational one, since it ensures a solution of 
practically all the tasks involved in energy sector 
optimization and requires much more readily accessible 
information than in the case of forecasting a final energy demand 
At the same time, the final energy expenditure in major 
sectors of the economy appears to be the best forecast 
parameter for a long-term perspective that is beyond the 
planning period. The correlation between the expenditures 
on final energy sources and the growth of the physical volume 
of production is more stable in time than the correlation 
between demand for physical energy sources and the physical 
value of production; the reason is that the energy conversion 
in final energy consuming plants does not take place with 
a varying conversion coefficient. This makes it possible to 
specify more precisely the overall demand for final energy 
regardless of energy sources providing it; this final 
energy becomes then the basis for transition to individual 
sources of energy as applied to economic conditiotis of a 
long-term perspective. 
When a composition of forecast parameters has been 
selected (i.e. of the "cross-section" of the technological 
chain of energy conversion), the method of forecast used 
acquires a decisive importance for the reliability and labor 
expenditure of the forecast. 
At present, one can obviously speak of two 
fundamentally different approaches to the quantitative 
assessment of energy consumption. The first one consists in 
extrapolating the existing growth trends and the relationships 
between energy sources expenditure and such macroeconomic 
indicators of the national economy development as national 
income, gross (net ) industrial output or physical (natural )
growth indicators of a group of key industries, etc. A 
change in the field of application of energy sources is 
indirectly taken into account in this approach by introducing 
"elasticity" functions characterizing the degree of the 
interchangeability of various kinds of energy or fuel 
depending on their costs. 
The second approach, making use of the advantages of a 
planned economy, envisages a determination of the demand for 
energy sources not by extrapolating the past but on the 
basis of existing plans of future development of various 
branches of national economy and on the basis of the overall 
analysis of technological processes. By using existing plans 
and technological analysis it is possible to form the most 
representative norms of energy consumption. With such an 
approach, the determination of energy demand ceases to be a 
forecast in the narrow sense of the word, and turns into a 
system of calculations (including both calculations dealing 
with optimization and calculations with elements of 
heuristic decisions) reflecting external ties of the power 
economy with all other energy consuming industries. 
The sphere of application of each of these principles 
of quantifying energy demand is a function of the interaction 
in time of the following three factors: 1) the rate of 
accumulation of structural and technological changes in the 
sphere of material production, 2) the possibility of 
obtaining sufficiently reliable detailed information about 
the power consumers, and 3) the accuracy required for the 
quantitative assessment of power consumption. 
The totality of all the above conditions permits the 
extrapolation approach to be used in assessing energy demand 
either for the near future when a paucity of new structural 
and technological changes makes the use of labor-consuming 
calculation method unpractical, or for a rather remote future 
when the calculation method cannot be used any longer because 
of the absence of planning information. 
From the point of view of reliability of energy demand 
assessment, the feasibility of employing the calculation 
method during the planned period proper is beyond doubt. 
Relying directly on the planned output of various kinds of 
products and services and providing for a detailed analysis 
of existing and new processes, this method makes it 
possible to rule out the major drawback of the extrapolation 
approach associated with insufficient consideration of 
inevitable changes, the drawback that has been revealed on 
the basis of the past history of the phenomenon being forecast 
However, a greater reliability of the forecast can be 
attained in this case by a considerable expansion of the 
information used and, hence, by making the calculation far 
more laborious. Indeed, the calculation method requires that 
there should be a long-term economic development plan or, at 
least, draft versions of a plan. The possibility of obtaining 
such information virtually predetermines the sphere of 
applicability of this method. Obviously, it is infeasible 
to carry out such work for the sake of forecasting energy 
consumption alone; therefore the calculation method appears 
to be practical only in countries with a planned economy. 
In addition, a correct choice of energy sources requires a 
great amount of information about possible methods of energy 
supply for production and public services in various branches 
of the national economy, information which is again available 
only under centralized planning. 
Taking into account the advantages and disadvantages of 
these two methods, a new hybrid method has been worked out 
in the USSR. It is based on the calculation method for 
determining most of the energy demand, while the rest, the 
so-called non-normalized part, is forecast in accordance 
with the extrapolation principle. 
In implementing this hybrid approach, the greatest 
methodological difficulties were associated with establishing 
a rational correlation between calculation and extrapolation 
procedures. In practical terms it meant the selection of 
such a composition of branches and products for which energy 
demand can be determined most efficiently according to the 
norms of energy source expenditure, that is by multiplying 
planned output of production by these norms. 
The essence of this operation consists in selecting the 
most energy-intensive products or the most representative 
types of products passing in the course of their manufacture 
through numerous, quite concrete stages of intermediate 
products. From a formal point of view, a compromise has to 
be sought between the desire to minimize the number of 
products under consideration and the wish to determine with 
their help the largest possible portion of the total energy 
output required by the national economy. In this case, of 
course, the well-known fact has to be taken into account 
that in arranging the products by their energy intensiveness 
(with due regard for their representativeness), the increase 
in the number of products considered entails a progressively 
decreasing increment in the "normalized" power consumption. 
In other words, due to the widening of the number of products 
under consideration, the efforts toward collecting and 
processing additional information result in an increasingly 
less precise refinement of energy demand. For many years 
experiments on calculating power consumption for various 
combinations of industries and products have been conducted 
in the USSR, which made it possible to reveal their 
optimum composition (see Supplement). At the same time, we 
had to solve a rather non-trivial problem concerned with the 
selection of indices to measure the physical volume of 
production of various industries manufacturing diversified 
products on a large scale as well as problems concerned with 
the reliability and representativeness of the norms for energy 
source expenditure. 
Based on the above indices, all the sectors of the 
national economy may be grouped more or less by conventional 
means as follows: 
- industries manufacturing "multitonnage" production 
represented by a limited variety of items: ferrous 
and non-ferrous metal industry, production and 
processing of oil, coal and gas, production of 
construction materials: 
- industries with varied but comparatively stable 
nomenclature of output and of its production 
technology: light industry and the food industry; 
- and industries with varied and frequently changing 
nomenclature of output and dynamic production 
technology, which is especially peculiar to 
chemical industry, mechanical engineering and 
metal-working . 
Other sectors of the economy, such as communal services, 
agriculture and transport can be attached from this point of 
view to the first group. 
In the first group of industries, the production volume 
indices are individual kinds of products in their material 
form. A relative stability of nomenclature and production 
technology in the second group makes it possible to use 
gross output as a physical volume index. In the third group 
the use of gross output for these purposes is inadmissible 
because it can lead to serious errors in the quantitative 
evaluation of the demand for energy sources. For this 
reason, in determining the demand for energy sources in the 
chemical industry, one should strive for the fullest possible 
inclusion of output. For this purpose the twelve to 
fifteen most power-consuming and heavy goods accounting for 
about 60% of the total expenditure of electricity and heat 
in industry have been used in the USSR as such indices. 
Further increase of the share of the "normalized" expenditure 
can be ensured only by a sharp expansion of the number of 
included products, an expansion which is hard to realize. 
A great variety of items used in mechanical engineering 
and metal working makes the application of the calculation 
method virtually impossible. The experience in using gross 
output as an indicator of the growth of the physical volume 
of production has demonstrated complete groundlessness of 
applying this indicator for long-term forecasts; cost of 
products fails to reveal both the structural shifts occurring 
within mechanical engineering and certain corollaries of the 
scientific and technological progress, for example reduction in 
consumption of materials and its energy consequences. The 
way out of this situation appears to be associated with 
accepting the instruments and objects of labor (types of 
inputs) as the indicator rather than the results of labor 
(types of output); the demand for electric energy can be 
estimated on the basis of individual power-consuming processes. 
T h i s  makes it p o s s i b l e  t o  g e t  h o l d  o f  t h e  main l i n k  i n  t h e  
" p r o d u c t i o n - t e c h n o l o g y - i n s t r u m e n t s  and o b j e c t s  o f  l a b o r "  
c h a i n  and t o  t a k e  a c c o u n t  o f  t h e  i n t e r a c t i o n  among t h e s e  
components a s  f u l l y  a s  p o s s i b l e .  
The above c o n s i d e r a t i . o n s  and t h e  c a l c u l a t i o n  p r a c t i c e  
i n  t h e  p l a n n i n g  and r e s e a r c h  o r g a n i z a t i o n s  o f  t h e  USSR have 
made it p o s s i b l e  t o  d e s i g n  a  s a t i s f a c t o r y  i n f o r m a t i o n  
model t o  d e t e r m i n e  t h e  demand f o r  f i n a l  e n e r g y  s o u r c e s  and 
t h e  o v e r a l l  demand f o r  p r imary  energy  r e s o u r c e s .  T a b l e  1  
shows t h a t  t h e  c a l c u l a t i o n  method u s i n g  t h i s  model p e r m i t s u s  
t o  d e t e r m i n e  up t o  80% of  t h e  energy  and h e a t  demand and up 
t o  90% of  t h e  f u e l  demand. I n  e s s e n c e ,  t h i s  i n f o r m a t i o n  
model p r o v i d e s  f o r  t h e  f o l l o w i n g .  
To c a l c u l a t e  t h e  amount o f  electr ic  energy  used by 
i n d u s t r y ,  f o r t y  t y p e s  o f  p r o d u c t s  i n  m a t e r i a l  form a r e  used 
(see T a b l e  1 ) .  Power consumption i n  l i g h t  i n d u s t r y  and t h e  
food i n d u s t r y  i s  c a l c u l a t e d  by g r o s s  o u t p u t ,  and i n  mechanica l  
e n g i n e e r i n g  and m e t a l  working i n  t h e  f o l l o w i n g  way: f o r  power 
s u p p l y  p u r p o s e s ,  by t h e  s t o c k  of  machine t o o l s  f o r  t h e r m a l  
t r e a t m e n t  p u r p o s e s  and by t h e  m e t a l  s u b j e c t e d  t o  a l l  k i n d s  o f  
t h e r m a l  t r e a t m e n t  ( i n c l u d i n g  s m e l t i n g  and h e a t i n g ) .  For  
mechanica l  e n g i n e e r i n g  a s  a  whole t h e  " d i r e c t  c o u n t "  method 
p e r m i t s  d e t e r m i n a t i o n  of  70% of  t h e  o v e r a l l  e x p e n d i t u r e  o f  
electric power i n  t h i s  b ranch  of t h e  n a t i o n a l  economy. 
I n  o t h e r  b r a n c h e s  o f  t h e  n a t i o n a l  economy ( t r a n s p o r t ,  
communal s e r v i c e s ,  a g r i c u l t u r e )  demand f o r  elect r ic  power i s  
d e t e r m i n e d  f o r  f i e l d s  o f  u t i l i z a t i o n  o r  p r o c e s s e s  a s  g i v e n  
i n  t h e  Supplement ,  and t h i s  p r a c t i c a l l y  r u l e s  o u t  any 
s i g n i f i c a n t  non-normalized e x p e n d i t u r e  o f  elect r ic  power. 
To c a l c u l a t e  t h e  amount o f  t h e r m a l  energy  a n  i n d u s t r y  
n e e d s ,  twenty  t y p e s  of  p r o d u c t s  i n  m a t e r i a l  form a r e  used  
(see T a b l e  1 ) .  F o r  i n d u s t r y  a s  a  whole t h e  " d i r e c t  c o u n t "  
method c a n  c a l c u l a t e  up t o  65% of  t h e  t o t a l  t h e r m a l  energy  
consumed i n  t h i s  b ranch  of  t h e  n a t i o n a l  economy. 
Ta b le  1. S h a re  of  t h e  normal ized  e x p e n d i t u r e  of major  
energy  s o u r c e s  i n  t h e i r  o v e r a l l  expend i t u r e .  
Branches of 
i n d u s t r y  and When s p e c i f y i n g  demand f o r :  
n a t i o n a l  
economy 
wa te r  f o r  t h e  f i n i t e  
consumer p l a n t s  
A. I n d u s t r y :  
number 
0 f  
t y p e s  
of pro-  
d u c t s ,  
works 
and 
s e r v i -  
c e s  
s h a r e  
0 f  
no rma - 
l i z e d  
expen- 
d i t u r e  
X 
s h a r e  
of 
nor-  
ma l i z e d  
expen- 
d i t u r e  
X 
number 
of 
t y p e s  
of p ro-  
d u c t s ,  
works 
and 
s e r v i -  
c e s  
F u e l  3  9 5 3  8 0 1  9  9  
number 1 of 
t y p e s  
of p ro-  
d u c t  
works 
and 
F e r r o u s  10 7 0 6  4  2  1 0  9  9  
me ta l l u rg y  
s h a r e  of 
normalized 
expendi-  
t u r e  X 
Non-ferrous 8 8  0 4  3 3  7 9 0  
m e t a l l u r g y  
s e r v i c e s  
Chemistry 1 0  5  5  8 5 5  4  9 5  
P u lp  and 
p a p e r  4 40 3  4 5  - - 
C o n s t r u c t i o n  
m a t e r i a l s  2 60 1  5  5  4  9 0  
Mechanical  en- 
g i n e e r i n g  1 ) , 2 )  80 3  99 2  ) 9 5  
Lig h t  Gross  100  Gross 100 - - 
o u t p u t  o u t p u t  
Food Gross  100  Gross 100 5  7 5 
o u t p u t  o u t p u t  
B. Tra n sp o r t :  Work of 8 8  - - Work of 95  
t r a n s p o r t  t r a n s p o r t  
C. D a i l y  l i f e  
and communal 
s e r v i c e s  7 100 7 100  4  100  
D. A g r i c u l t u r e  1 1  100 11  100 5  9 0 
T o t a l  f o r  t h e  
n a t i o n a l  
economy 62 8 0 42 7 8  4 5  9  0  
 eman and f o r  energy--seven t y p e s  of equipment. 
" ~ o l u m e  of me t a l  s u b j e c t e d  t o  a l l  forms of t he r ma l  
t r e a t m e n t .  
3 ) ~ u b i c  a p a c i t y  of p ro duc t i on  b u i l d i n g s .  
Demand f o r  t h e r m a l  energy  i n  everyday l i f e  and communal 
s e r v i c e s  and a g r i c u l t u r e  is  de te rmined  f o r  t h e  v a r i o u s  f i e l d s  
o f  i t s  a p p l i c a t i o n  a s  s p e c i f i e d  i n  t h e  Supplement.  The h e a t  
e x p e n d i t u r e  f o r  h e a t i n g  and v e n t i l a t i o n  purposes  i n  hous ing  
and communal s e r v i c e s  i s  c a l c u l a t e d  on t h e  b a s i s  of p e r  
c a p i t a  r a t e s  of f l o o r  space ,  and t h e  h e a t  e n g i n e e r i n g  
c h a r a c t e r i s t i c s  o f  b u i l d i n g s  i n  r e g a r d  t o  c a l c u l a t e d  
t e m p e r a t u r e s  i n  v a r i o u s  p a r t s  of t h e  c o u n t r y .  Heat 
e x p e n d i t u r e  f o r  w a t e r  h e a t i n g  i s  c a l c u l a t e d  p roceed ing  from 
t h e  p lanned  r a n g e  of t h e  s e r v i c e  t o  b e  r e n d e r e d  t o  t h e  
p o p u l a t i o n .  
I n  a g r i c u l t u r e ,  j u s t  a s  i n  t h e  p r e v i o u s  c a s e ,  t h e  
demand f o r  h e a t  is  c a l c u l a t e d  f o r  t h e  a r e a s  s p e c i f i e d  i n  
t h e  Supplement.  For  e a c h  k ind  of work, t h e r e  e x i s t  norms of  
e x p e n d i t u r e  o f  t h e r m a l  energy  p e r  u n i t  of p r o d u c t i o n  o r  
p e r  an imal .  
The demand f o r  f u e l  consumed d i r e c t l y  i n  f i n a l  consumer 
p l a n t s  is  comprised o f  t h e  f o l l o w i n g  u s e s :  i n  i n d u s t r i a l  
f u r n a c e s  and t e c h n o l o g i c a l  i n s t a l l a t i o n s :  i n  s m a l l  t h e r m a l  
p l a n t s  f o r  h e a t i n g  and p r o d u c t i o n  needs of everyday  s e r v i c e s  
a s  w e l l  a s  f o r  a g r i c u l t u r a l  p r o d u c t i o n  i n  o t h e r  b r a n c h e s  of 
t h e  n a t i o n a l  economy; i n  mobi le  ( a l l  k i n d s  o f  t r a n s p o r t )  and 
s t a t i o n a r y  power p l a n t s ;  and i t s e l f  a s  a  raw m a t e r i a l .  
On t h e  whole,  t h e  f i e l d  o f  d i r e c t  b u r n i n g  of f u e l  i n  
t h e  c o u r s e  of m a t e r i a l  p r o d u c t i o n  and i n  communal s e r v i c e s  
i s  s u b s t a n t i a l l y  narrower  t h a n  t h a t  of o t h e r  energy  s o u r c e s ,  
p a r t i c u l a r l y  e l e c t r i c  power. T h i s  s u b s t a n t i a l l y  f a c i l i t a t e s  
t h e  c a l c u l a t i o n  of f u e l  demand and a l l  o t h e r  c o n d i t i o n s  
be ing  e q u a l ,  i n c r e a s e s  t h e  s h a r e  o f  t h e  normal ized  p o r t i o n .  
Thus, i n  i n d u s t r y  a b o u t  t h i r t y  t y p e s  of p r o d u c t s  
ment ioned i n  t h e  Supplement d e t e r m i n e  up t o  78% of  t h e  t o t a l  
e x p e n d i t u r e  of f u e l  used  d i r e c t l y  i n  f u r n a c e s  and o t h e r  
t e c h n o l o g i c a l  i n s t a l l a t i o n s .  The s h a r e  o f  normal ized  
expenditures is still larger for other fields of fuel use 
which are strictly purpose-oriented by their nature. 
Calculations have shown that in this case the share of the 
normalized expenditures of fuel is no less than 86% of 
the total fuel expenditure in the national economy of the 
USSR. 
From this it follows that the composition of the 
products and services given in the Supplement is representa- 
tive enough to determine, with the help of the calculation 
method, a rather large proportion of the overall demand for 
energy sources. If we will take into consideration that 
the total fuel expa-nditure for the production of 
electric power, steam and hot water is also normalized, 
then the total share of the normalized part of overall 
demand for fuel and energy resources (without exports) may 
be raised to 80%. 
Selection of representative indices showing the 
development of various sectors of national economy is but 
one of the ways of attaining a greater accuracy in the 
calculation method for determining energy demand. A second 
way is based on a forecast of norms of energy source 
expenditure. The direct dependence on the kind of energy 
source and the norm of its expenditure on the technology 
used in manufacturing a particular product make it necessary 
to take into account such factors as unit power of the 
equipment, quality of initial raw materials, climatic 
characteristics of the region where an energy source is 
located, etc. In doing so constant care should be taken to 
assure the correspondence of the kind of energy source to 
be used in future production conditions to expected 
expenditures for its provision. This is one of the most 
responsible aspects in the energy demand forecast regardless 
of the methods used for its quantitative assessment. 
In a number of cases the choice of the kind of fuel or 
energy for final consumer plants is accompanied by a 
comparison of corresponding energy methods, of power supply, 
for instance, in the case of heat supply to the 
population, agricultural production, heating of metal in 
mechanical engineering, etc. In these cases optimization of 
energy sources merges with optimization of power supply, 
systems of transport and distribution of energy and fuel. 
Of fundamental importance is the fact that the above 
system of interconnected calculatioqs is characterized 
by a strong feedback. It manifests itself in selecting energy 
sources (when the user's economic effect obtained by 
utilizing a specific energy source is compared with the 
costs incurred in providing these energy sources), in 
selecting energy supply plans and the parameters of power 
equipment and in determining the economically justified volume 
of secondary energy sources to be used (in the process of 
comparing the damage caused by excessive fuel consumption 
with the expenditure for power plants and energy distribution) 
Optimum solutions in all these and similar particular energy 
problems can be ensured by using shadow prices2 of fuel and 
energy when assessing the energy component in comparable 
*shadow prices of fuel, electric and thermal energy are 
a system of interacted specific economic indices 
characterizing economic assessment of the expenditure for 
the national economy to provide for additional demand for 
various kinds of fuel and energy in various regions of the 
country. Shadow prices are formed with due account for the 
differential rent characterizing the difference of the 
geological and mining conditions of output, location and 
quality of fuel (Rukovodyashchie ~kazania K Ispolzovaniyu 
Zanykayushchikh Zatrat na Toplivo I Elektricheskuyu Energiyu, 
in Russian (Moskow, Nauka Publishers, 1 9 7 3 ) .  
versions. As a result, the identified absolute scale of 
demand for individual energy sources is optimal for a 
given technological structure of the material production, 
works and services corresponding well enough to future 
conditions of the development of khe energy sector as a whole. 
The long experience the USSR has accumulated in the 
use of the above methods to calculate energy demand has 
made it possible to improve them substantially from a 
technical point of view and to turn them into an adequate 
instrument for determining power consumption in a planned 
economy. 
Supplement 
Below is a list of major output items and services for 
which a demand for energy source is determined by the 
"direct count" method. 3 
Ferrous Metallurgy: 
pig iron, coke, open-hearth steel, converter steel, 
electric steel, rolled steel, pipes, sinter, ingots, 
iron ore output, oxygen production. 
Non-ferrous Metallurgy: 
* 
alumina, aluminium, copper nickel, electrolytic 
* 
nickel, magnesium, titanium, blister copper, refined 
copper, copper ore output, lead and zinc ore output, 
lead, zinc. 
Chemical Industry: 
ammonia, plastics and resins, methanol, caustic soda, 
soda ash, artificial fibres, calcium carbide, yellow 
phosphorus, sulphuric acid, artificial rubber, apatite 
concentrate. 
Pulp and Paper Industry: 
paper, pulp, board, wood pulp. 
Fuel Industry: 
petroleum production, oil refining, transportation of 
oil in pipelines, coal mining, gas extraction, transportation 
of gas in gas pipelines. 
3 ~ n  economic substantiation of the energy sources is 
required for the asterisked types of products and services. 
Construction Materials Industry: 
cement, ferro-concrete structures, red brick, 
window glass. 
Light Industry: 
gross output. 
Food Industry: 
gross output. 
* 
Mechanical Engineerinq: 
production of forged and stamped pieces, pig iron 
casting, steel casting, non-ferrous metal casting, thermal 
treatment after machining and casting. 
Work of Transport: 
* 
railway, river, sea, air and automobile transport. 
Communal Services: 
lighting, television, radio and the whole range of 
* 
small household appliances, cooking, hot water production,* 
* 
heating and ventilation. 
* 
Agriculture: 
for the upkeep (lighting, heating, preparation of 
fodder, etc.) of cattle (beef and dairy), of pigs, poultry, 
other animals, heating of hotbeds and green houses, drying 
and processing of grain, production of vitaminic meal, 
irrigation, for field work. 
Some Problems of Energy Demand in Poland 
J. Filipowicz and A. Kros 
Energy demand in Poland is growing systematically 
according to the industrial and social development of the 
country. The growth of energy demand and its structure is 
shown in Table 1 below. An analysis of the table can be 
summarized as follows: 
-According to its natural resources, Poland is a country 
of hard coal. In 1970, hard coal provided 74% of the 
national energy production and in 2000 it will provide about 
41%. It should be noted both that these figures differ 
substantially from the averages in other European countries, 
and that Poland exports a great deal of hard coal. 
- The global energy demand is growing rapidly; during the 
thirty year period 1970-2000 it will increase about four times. 
- The electrical energy demand is growing most rapidly; 
during the thirty year period 1970-2000 it will increase about 
nine times and its percentage in the national energy demand 
will rise to 18%. 
- The centralized heat supply in Poland (hot water and 
steam) is comparatively very high. In 1970 its percentage 
in Poland's energy demand was 22%, and it will drop to 17% 
in the years 1990-2000. 
- Energy production in nuclear power stations is rather 
low. 
The number one problem for us is the forecast of energy 
demand in long range terms. The figures presented in Table 1 
are one of the possible variants of energy demand up to the 
year 2000. The estimate is based on the assumption that the 
gross national product will grow 6.5 times by the year 2000, 
and that the population will grow 17% during the same period. 
Some other assumptions concerning the above two factors are 
of great importance for the final figures. The above energy 
T a b l e  1. Energy b a l a n c e  i n  p o l a n d ' )  i n  m i l l i o n  t o n n e s  
c o a l  e q u i v a l e n t  ( tce)  . 2 )  
')K. Kopecki ,  Po l ska  2000 (Warsaw, Ossol ineum, 1973). 
2 ) ~ h e  tce = 7 lo6 k c a l  = 29,302 lo9 J. 
1 .  Energy Demand 
pr imary  
1.1 h a r d  c o a l  
1 - 2  l i g n i t e  
1.3 o i l  
1.4 g a s  
1.5 hydro  
1.6 n u c l e a r  
1.7 o t h e r s  
2. Convers ion  and 
T r a n s p o r t  L o s s e s  
- 
3. Energy Demand: 
Secondary 
3.1 e l e c t r i c i t y  
3.2 h o t  w a t e r  and 
s team 
3.3 g a s  
n a t u r a l  
i n d u s t r i a l  
l i q u i d  
3.4 o i l  p r o d u c t s  
3.5 c o a l  
3.6 coke  
3.7 o t h e r s  
1950 1960 1970 1980 1990 2000 
49.3 77.0 119.4 200 324 462 
39-9 69. 1 88.4 121.3 148.0 202 
0. 3 1.2 0. 8 9.7 18.5 18,5 
0.9 3.2 12.1 48.9 94.0 124 
0.3 1.0 7.1 16.7 47.0 62 
0.3 0.3 0. 8 1.0 1.5 2.5 
- - - - 13.0 51 
2.2 2.2 2.2 2.4 2.0 2 
9.9 27. 2 116 
3 4 91. 2 3 4 6 
1 6. 7 6 1 
6 20.3 6 0 
3.5 9. 5 6 7 
(4.7) ( 45) 
( 4. 7) ( 20) 
(0.1) (2 
0.5 8.0 8 0 
18 34.1 3 3 
4 10.9 4 0 
1 1.8 5 
- 
demand p r o j e c t i o n  was made i n  1973. Now a new p r o j e c t i o n  i s  
b e i n g  made i n  o r d e r  t o  e s t a b l i s h  t h e  c u r r e n t  v e r s i o n s  of 
energy  demand growth by t a k i n g  i n t o  a c c o u n t  t h e  new s i t u a t i o n  
i n  t h e  energy  marke t .  
I n  t h e  new p r o j e c t i o n  t h e  f i g u r e s  f o r  energy  demand a r e  
a b o u t  10% t o  20% lower  t h a n  t h o s e  g i v e n  i n  T a b l e  1 .  A s t e e p e r  
r e d u c t i o n  of  t h e  energy  demand c o u l d  l e a d  t o  t h e  r e d u c t i o n  of  
t h e  g r o s s  n a t i o n a l  p r o d u c t  and it is n o t  c o n s i d e r e d .  More 
e s s e n t i a l  changes a r e  f o r e s e e n  a s  f a r  a s  t h e  s t r u c t u r e  o f  
t h e  energy  mix is  concerned .  I n  o r d e r  t o  s o l v e  t h e  problem 
and t o  f i n d  t h e  o p t i m a l  s t r a t e g y  o f  t h e  energy  s u p p l y ,  many 
r e s e a r c h  s t u d i e s  have  t o  be done.  An e n t i r e l y  new s i t u a t i o n  
and t h e  end o f  t h e  " p e r i o d  of cheap  e n e r g y "  make t h e  energy  
problem d i f f i c u l t  t o  s o l v e .  
I n  o r d e r  t o  improve t h e  energy  b a l a n c e  t h e  f o l l o w i n g  
a r e  p roposed :  
- Coal  p r o d u c t i o n ,  ( h a r d  and l i g n i t e )  shou ld  b e  
expanded a s  much a s  p o s s i b l e .  The growth of  t h e  
c o a l  min ing  i n d u s t r y  is  v e r y  much l i m i t e d  by t h e  
l a c k  o f  l a b o r  f o r c e  and by e n v i r o n m e n t a l  l i m i t s .  
Doubling of  t h e  c o a l  p r o d u c t i o n  is  t h e  most 
c o u l d  b e  done u p  t o  t h e  end of t h e  c e n t u r y ;  
- Energy p r o d u c t i o n  i n  n u c l e a r  power s t a t i o n s  should  
b a l a n c e  t h e  energy  demand. There  a r e ,  however, 
c e r t a i n  l i m i t s  which p r e v e n t  t h e  development o f  
n u c l e a r  energy  p r o d u c t i o n ;  
- Energy and f u e l  consumption should  b e  r a t i o n a l i z e d  
and o p t i m i z e d  by: 
1 )  new t e c h n o l o g i e s  i n  i n d u s t r y  which a r e  less 
energy  consuming; 
2 )  u t i l i z a t i o n  o f  t h e  h e a t  wasted i n  t e c h n o l o g i c a l  
p r o c e s s e s  e s p e c i a l l y  i n  s teel ,  i r o n  and o t h e r  
metal production, the chemical industry and 
SO on; 
3) reduction of heat losses in all kinds of 
buildings by improving the thermal insulation 
and by regulation and recuperation of the heat 
in buildings; 
new energy conserving means of transportation 
of goods and the reduction of transportation 
needs by rational localization of factories; 
5) reduction of losses in energy and fuel 
production transformation and utilization 
processes. 
The methodology of the energy demand projection should 
be given greatest concern. In medium and long range 
prognosis all direct methods like correlation and 
extrapolation are virtually useless unless they are not just 
statistical extrapolations of the past into the future. 
The medium and long range prognosis can be improved by 
using the so-called heuristic extrapolation, the essential 
features of which are taking into account and investigating 
some important matters influencing the process considered. 
Considering the nature of the process and taking into account 
the expected social and economic development of the country, 
and taking into account the international situation, one can 
predict the shape of the projected function for such things 
as is it linear or nonlinear, convex or concave, monotonic 
continuous, has it extreme points, etc.? 
There are many factors which can have an essential 
impact on the shape of the function to be predicted. They 
can influence very much the parameters in the statistical 
functional relations. The main factors are: 
- t h e  e v o l u t i o n  o f  t h e  s t r u c t u r e  o f  t h e  g l o b a l  n a t i o n a l  
p r o d u c t  ; 
- t h e  l i m i t a t i o n s  i n  t h e  growth of  t h e  g l o b a l  
n a t i o n a l  p r o d u c t ;  
- t h e  e v o l u t i o n  of t h e  d i s t r i b u t i o n  of  n a t i o n a l  income: 
- t h e  e v o l u t i o n  o f  e n e r g y  consumption p e r  c a p i t a ;  
- t h e  changes  i n  p r i c e  r e l a t i o n s  o f  t h e  main f u e l s ;  
- e n v i r o n m e n t a l  l i m i t a t i o n s ;  
- g e n e r a l  p r o g r e s s ,  p o l i t i c s ,  s o c i a l  r e l a t i o n s ,  e t c .  
The new t e n d e n c i e s  c a n  be r e v e a l e d  by t h e  a n a l y s i s  of  
t h e  d e r i v a t i v e s  of  t h e  s t a t i s t i c a l  t r e n d .  F i r s t ,  second 
a n d  t h i r d  d e r i v a t i v e s  a r e  used  t o  d e s c r i b e  t h e  p r o c e s s  and 
t o  i n v e s t i g a t e  t h e  changes  and t e n d e n c i e s .  S e n s i t i v i t y  
a n a l y s i s  o f  t h e  macroeconomical p a r a m e t e r s  s u c h  a s  g l o b a l  
income, g r o s s  n a t i o n a l  p r o d u c t  and  o t h e r s  i s  o f  p a r t i c u l a r  
impor tance .  
S p e c i a l  a t t e n t i o n  s h o u l d  b e  p a i d  t o  t h e  boundary v a l u e s .  
F i n d i n g  such  v a l u e s  f o r  a n  i n f i n i t e  t i m e  p e r i o d  p e r m i t s  t h e  
e f f e c t i v e  narrowing of  t h e  r a n g e  o f  t h e  p r o g n o s i s  i n  t h e  
f i n i t e  f u t u r e .  
The n e x t  problem i s  t h e  complex o p t i m a l i z a t i o n  of  v a r i o u s  
forms o f  energy  u t i l i z a t i o n  and p r o d u c t i o n .  Up t o  now, t h e  
e n e r g y  sys tems  s u c h  a s  e l e c t r i c i t y ,  g a s ,  o i l  and  c o a l  a r e  
o p t i m i z e d  i n d e p e n d e n t l y  o f  each  o t h e r .  Research work i s  
under  way i n  o r d e r  t o  c r e a t e  t h e  mathemat ica l  models  and  
methods f o r  t h e  complex o p t i m a l i z a t i o n  o f  a n  e n e r g y  b a l a n c e .  
A v e r y  i m p o r t a n t  p r o b l e m , w h o s e  s o l u t i o n  i s  under  way, 
i s  t h e  e s t a b l i s h m e n t  of  a  d a t a  bank f o r  energy  problems.  
Such a  bank p r o v i d e s  a  n e c e s s a r y  t o o l  f o r  d e a l i n g  e f f e c t i v e l y  
w i t h  problems.  
W. Hatscher 
In the German Democratic Republic the most important means of 
production are owned by the people. This condition is a prereq- 
uisite for planning on a society-wide level, for all fields of 
economic and social development. As far as the energy industry 
is concerned, both the economy's and the population's energy de- 
mands have to be met to ensure the proportional development of all 
branches of society, on the one hand, and the planned increase in 
living standards on the other. 
The interrelationship between the energy industry and the 
rest of the national economy is very close. In all fields, an 
ever growing energy demand has to be met; therefore, the energy 
industry has to use considerable amounts of social resources such 
as investment, manpower, etc. An ever growing energy demand also 
creates serious environmental problems. 
These close interrelations and the fact that investment in 
the energy industry generally needs relatively long preparation, 
while investments are tied up over long periods of time, show 
that the energy industry is not only strongly dependent upon 
overall economic development but itself plays a crucial role in 
determining the development rate of the national economy. There- 
fore there is an urgent need for long-term planning in the energy 
industry. In planning several decades ahead account has to be 
taken of all the industry's interrelations, and the economic 
aspects of its structure have to be optimized. 
Two stages are involved in energy industry planning: 
1) planning of energy consumption (heat, power, light); and 
2) planning procurement of energy resources and primary 
energy. 
The long-term plan for the development of the national econ- 
omy, which lays down among others indices for the growth of 
national income and of gross production, and for the accumu- 
lation-consumption ratio, serves as a basis for planning the 
amount of service energy needed, i.e. the demand for those 
energy resources which are destined for direct conversion into 
heat, power, light, etc. The development of individual 
branches and of product structures as well as the improvement 
of living standards are derived from the long-term plan. The 
planned scientific and technological development is another 
basic aspect determining the development of production tech- 
niques, composition of raw materials, and technological and 
economic indices of energy demand. These data are necessary 
conditions for defining the volume, the structure, and the 
chronological development of the amount of service energy needed. 
Figures on service energy demand, plans for the scientific 
and technological improvement of methods and processes of 
energy generation, conversion and transportation, as well as 
detailed knowledge of maximum availability of energy resources 
are fundamental aspects in planning the procurement of energy 
resources and primary energy. More restrictions which play an 
important part in the planning of the energy industry are 
brought in by limits on capital expenditure and by environmen- 
tal considerations. The necessary procurement of all energy 
resources, their timely development, and primary energy demand 
can be calculated with the help of technological and economic 
indices reflecting interrelations within the energy industry, 
and by taking into account all limiting factors. 
Passing once through the two stages outlined above, however, 
does not mean having accomplished the planning for the energy 
industry. For two reasons these two stages have to be re- 
peated several times in the short- and medium-term planning, 
and above all in long-term planning: 
a) The basic initial data of these two stages are not 
static but change in the process of planning. It has 
to be pointed out that planning in the energy industry 
does not start once the other sectors of national 
economy have brought their plans to a close. Just the 
opposite is true because since the energy industry 
needs forecasts over particularly long periods, it is 
bound to start often at a moment when the energy-con- 
suming branches have only a very vague idea, if any, 
of their development. In the course of long-term plan- 
ning energy planners are even frequently forced to 
bring forward their own hypotheses on the potential 
needs of certain branches; these hypotheses can sub- 
sequently be adjusted together with the planning experts 
of the branches in question. 
b) Outward dynamic factors are responsible for the repe- 
tition of energy planning stages. Of equal importance 
is the fact that the results of both stages have mutual 
influence. Calculations for energy resource supplies 
therefore may yield conclusions as to possible service 
energy supplies. This means that conclusions regarding 
the structure or even rate of development of the national 
economy have to be drawn from factors pertaining to the 
energy industry. An answer then has to be given, for 
instance, for the question of whether it would be good to 
envision certain additional importations of energy re- 
sources or would giving up the extension of some energy- 
intensive branch or process not be more useful for the 
national economy. 
Quite a number of methods are used for long-term energy 
planning in the GDR. Econon~ic-mathematical models which were 
first developed more than ten years ago and which since have 
been introduced gradually into practical planning are the cen- 
tral parts of these methods. They constitute in fact a system 
of synchronized linear medium-term optimization models. The 
objective function is to minimize the overall social labor ex- 
penditure (labor costs, material costs, capital costs, etc., 
discounted at the appropriate rate) in order to fulfill a 
given task in production or supply over a given period of time. 
Social labor expenditure includes all current and unique ex- 
penses from the time of their occurrence, including procure- 
ment for extended reproduction and social consumption. The 
objective function was developed under the guidance of national 
economy planning, and it is to optimize not only the structure 
of the energy industry as an individual branch of industry, 
but also the energy industry's integration into the national 
economy. As pointed out at the beginning of this paper, the 
maximum economic benefit for the whole of society and not 
for an isolated branch or enterprise is the optimality criter- 
ion. 
The demand optimization and the production optimization 
models are the fundamental parts of the Central Model System for 
long-term energy industry planning. For the time being, both 
are laid out to cover the period between now and 1990. These 
and other models can be coupled since they have identical math- 
ematical structures (linear programming), objective functions 
and time differentiations and use the same kind of energy re- 
source nomenclature. 
The demand optimization model determines the demand for 
service energy. The production optimization model allows the 
structure of energy generation and conversion plants, the pro- 
duction of all energy resources and primary energy to be cal- 
culated. The demand optimization model selects optimum variants 
for those energy consuming processes which allow different 
techniques involving different energy resources to be applied. 
It determines, for instance, whether cement should best be man- 
ufactured using the wet, the Lepol or the dry processes, and 
with pit coal, fuel oil, natural gas or powdered brown coal. 
The remaining energy demand which cannot be substituted for and 
is not worth while optimizing is simply shown in the balance 
sheet. 
The production optimization model includes all essential 
facilities of the coal, power, and gas industries, of primary 
oil processing and heat generation irrespective of what adminis- 
trative body they report to. Service energy and restrictions 
imposed by the national economy determine not only the volume 
of the production of energy resources but also the specific 
social expenditure needed for making each of the energy re- 
sources available. Specific expenditure is taken account of in 
optimization calculations with the demand optimization model 
and thus influences service energy structure. This in turn re- 
quires calculations with the production optimization model. 
Iterative calculation is continued up to a predetermined degree 
of consistency between demand and supply potentialities. 
Apart from the two above-mentioned models, other models 
are being used to optimize territorial energy structures and 
power plants within different sectors of the energy industry 
(such as coal and crude oil processing, power generation and 
other industries). These models can also be coupled with each 
other and with the models mentioned above. 
After setting up the long-term energy balance with the help 
of optimization models, check computations are made with global 
methods. Furthermore, economic consequences resulting from 
the balances are determined (such as the demand for investment 
funds, demand for foreign currency for energy resources im- 
portation, demand for manpower, jobs to be done by the building 
industry and energy plant manufacturers, etc.). If the 
balancing on the national economy level shows that the variants 
thus found for the development of energy industry cannot be 
synchronized with the planned development of the national econ- 
omy, calculations have to be repeated. If the variant is ac- 
ceptable from the point of view of the national economy, it 
is incorporated into the corresponding state plans, in par- 
ticular into the five-year plan. These plans have legal force, 
thus ensuring that the socialist state implements a structural 
development found to be optimal for energy industry. 
Finally, note the part played by energy prices in planning 
the GDR's energy industry. Only prices for imported energy 
resources exercise an influence on the structure of the energy 
industry. Actual transaction prices paid for any of the domes- 
tic energy resources have no influence whatsoever on energy 
balance optimization. 
The actual social expenses are the only determining economic 
factor in optimization. If it is true that in principle actual 
prices reflect social expenditure, they are not always identi- 
cal with It. Fixed fuel prices have, however, an important 
role to play in implementing the long-term energy plan. They 
are differentiated in such a way that enterprises are stimu- 
lated to back the government's energy policy and to implement 
it in their fields of action. 
Discussion 
Hutber 
It is misleading to think of trend extrapolation as being 
simple. I agree that there are simple ways of looking at trend 
extrapolation, but I believe that underlying the idea of trend 
extrapolation is the belief that we are talking 3-bouta behav- 
ioral model, one which is determined by the consumers themselves, 
their aspirations for what they want to do, and these are things 
not readily controlled by econometrics. Before we dismiss extra- 
polation completely I would like to say that we do use a form of 
extrapolation, but it is very complex and it is rather more akin 
to a behavioral model than simple extrapolation. The other obser- 
vation I think applies to both the KZos paper and the Vigdorchik- 
Makarov paper. 
I would like to draw attention to the fact that the apparent 
gap between the controlled economies and the state which the 
Western world is in on the energy situation is not as different 
as one might be led to believe. We have just been informed 
that the environment of forecasting in Russia is one in which 
the economic pattern for a number of years to come is firmly 
fixed by a set of optimization decisions. The optimization pro- 
cess is one by which you just allocate your energy resources to 
maximize some objective function, presumably minumum cost. 
This is very similar to Western economies when you consider that, 
apart from the fact that we do not set about and decide what our 
economic parameters are going to be for the next five years, we 
do say what we think they are going to be and having committed 
ourselves to that thought we then try to balance our industries 
in the same sort of allocation by way of moving across the bound- 
aries of the individual industries. The industries are not 
independent elements in the market economy; they are becoming 
more controlled and with an energy policy as such, whether it 
is a national one or supernational one, we are getting very 
much closer to the allocation problem.which has been described 
in the earlier paper. 
~ Z o s  
-
I agree with Hutber's comment that it is misleading to 
think of trend extrapolation as being simple. He is proposing 
the extrapolation method called "UASTIC," which he considers 
not entirely useless. I further agree with Hutber's statement 
on the resemblances of Eastern and Western economies, in the 
matter of setting targets for energy demand (by industries). 
Albegov 
In one of the diagrams you showed us the growth of demand 
for coal in Poland by 50% from eighty-eight million tce to 121 
million tce and growth of demand for oil by four times from 
twelve million tce to forty-eight million tce. Is this decision 
the result of optimization in view of the rapid growth of the 
cost of oil? It can be a very expensive balance. 
KZos 
-
The figures for 1980 and 1990 are not obtained from an 
optimization procedure. They come rather from the balance of 
fuels and from the production possibilities of coal and lignite. 
We are very short of gas and oil in Poland. 
Mount 
I am not too certain that I have understood what Hutber 
said about econometrics. I do not feel that econometricians 
have much influence in the US for planning electricity capacity. 
Expansions are traditionally planned using engineering proce- 
dures. I think what is interesting is that econometricians 
come up with very different answers. Since the traditional 
methods being used by the utility companies do not look so good, 
maybe they will change in the future. 
Par ikh  
I do n o t  t h i n k  one should  r e a l l y  worry about  t h e  dichotomy 
between t h e  eng inee r ing  approach and t h e  econometr ic  approach 
because it seems t o  me t h a t  t h e r e  i s  a c l e a r  c u t  p l a c e  f o r  bo th  
approaches and one has  t o  have an i n t e g r a t e d  view about  t h i s .  
For  example, I t h i n k  it makes a l o t  of s ense  t o  have a program- 
ming type  of  approach when you a r e  t a l k i n g  about  energy a s  a 
de r ived  o r  i n t e rmed ia t e  demand. However, when energy i s  used 
i n  domest ic  s e c t o r s  and o t h e r s  where p e o p l e ' s  p r e fe rences  have 
t o  be r e s p e c t e d ,  then  any k ind  of c o n t r o l  techniques  t h a t  you 
want t o  use  have t o  b r i n g  i n  p r i c e s  and p r e f e r e n c e s ,  and you 
have some k ind  of econometr ic  e s t i m a t e s  of demand a s  a f u n c t i o n  
of p r i c e .  I t h i n k  i f  one can have a combination of t h e s e  two 
e f f o r t s  f o r  one s e t  of s e c t o r s  us ing  t h e  programming approach 
and f o r  t h e  o t h e r  s e t  of s e c t o r s  u s ing  t h e  econometr ic  approach, 
t h a t  would probably opt imize  t h e  system. 
Woite 
I would l i k e  t o  ask a q u e s t i o n  wi th  r e s p e c t  t o  t h e  p lanning  
procedure which has  been desc r ibed  by B e l o s t o t s k i  and which 
seemed t o  be very  e l a b o r a t e  and s o p h i s t i c a t e d .  Are contingency 
f a c t o r s  fo re seen  i n  t h i s  p lanning  t o  cover  demand which cannot  
be fo re seen  a t  t h e  t ime being? When you a s s e s s  t h e  demand f o r  
c e r t a i n  p roduc t s ,  t h e  demand might i n c r e a s e  wi th  t ime o r  it might 
s a t u r a t e .  
B e l o s t o t s k i  
I should  s ay  t h a t  your q u e s t i o n  r e l a t e s  t o  t h e  problem of 
p lanning  i n  c i rcumstances  of  u n c e r t a i n t y .  I d i d  n o t  say  any- 
t h i n g  about  it, b u t  we do some work i n  t h i s  a r e a .  Moreover, 
o u r  p l ann ing  p roces s  i s  a p roces s  which might be r epea t ed  i n  one 
o r  t h r e e  o r  f i v e  y e a r s  and du r ing  t h i s  process  we t r y  t o  a d j u s t  
o u r  p l a n s  w i th  t h e  new informat ion .  
We are carrying out a regional energy research program here 
at IIASA in which we are working with three regions of the world 
and trying to integrate some supply, demand, and environmental 
conditions. I may have missed it inyourpaper, but I am wonder- 
ing whether you discussed the question of regional optima versus 
national and global optima and how you handle the question of 
planning for regional optima and national optima. 
Belostotski 
We calculate this optimum in one mathematical model which 
has several regions, about thirty to forty, and more for the short 
term. I was personally working with the model that had eleven 
regions, eleven points, and showed some optimal distribution of 
energy resources toward the demand in these regions. 
Foell 
What sort of formal methodology did you use? 
Belostotski 
Linear programming methods. 
Nordhaus 
I would like to make a few comments on the papers concerning 
the Soviet Union and Poland. There is important material here to 
study on both parts and let me say why. We have seen in the pa- 
pers this morning relative emphasis on econometric techniques 
which are almost purely behavioral and have very little in the 
way of technological constraints imposed. And we have seen al- 
most the exact opposite this afternoon in the discussion where 
most of the emphasis is upon the technological and input-output 
relations, and relatively little emphasis on the behavioral as- 
pects, in particular perhaps on the response of consumers. I 
think that in particular for some of the work that has gone on 
in North America that we really should think hard about whether 
we want  t o  push h a r d e r  i n t o  i n t r o d u c i n g  some o f  t h e  t e c h n o l o g -  
i c a l  c o n s t r a i n t s  i n s t e a d  o f  b l a c k  box o r  b e h a v i o r a l  c o n s t r a i n t s ,  
i n  p a r t i c u l a r  on t h e  problems we t a l k e d  a b o u t  t h i s  morning of 
i n t e r f u e l  s u b s t i t u t i o n  and t h e  p l a g u e  t h a t  h a s  been on econ-  
o m e t r i c i a n s .  I t h i n k  we s h o u l d  s e r i o u s l y  c o n s i d e r  whe ther  a 
c o m p l e t e l y  d i f f e r e n t  approach  f rom t h e  one we have  been u s i n g  
would b e  a b l e  t o  c u t  t h r o u g h  t h i s  d i f f i c u l t y .  
I would a l s o  l i k e  t o  ment ion  someth ing  on t h e  u s e  o f  
shadow p r i c e s  and e s p e c i a l l y  w i t h  r e f e r e n c e  t o  what  Hutber  h a s  
s a i d .  There  i s  a  fundamenta l  d i f f e r e n c e  between t h e  t e c h n i q u e s  
used i n  t h e  E a s t  and t h e  West. The West d o e s  n o t  r e l y  upon t h e  
u s e  of  shadow p r i c e  t e c h n i q u e s .  There  i s  n o  r e a s o n  t h a t  t h e  
shadow p r i c e  used  i n  t h e  West i n  d i f f e r e n t  i n d u s t r i e s  and  d i f -  
f e r e n t  f i r m s  s h o u l d  be  t h e  same. I t  is  a  fundamenta l  p o i n t  i n  
t h e  k i n d  o f  o p t i m i z a t i o n  t e c h n i q u e s  t h a t  we d i s c u s s e d  h e r e  t h a t  
t h e  shadow p r i c e s  used i n  a l l  i n d u s t r i e s  s h o u l d  b e  t h e  same. 
I n  t h e  West we have  n o t  had  much u s e  o f  shadow p r i c e s .  The 
u s e  h a s  been p i o n e e r e d  i n  t h e  S o v i e t  Union f o l l o w i n g  t h e  work 
o f  Kan torov ich .  I u n d e r s t a n d  it h a s  been u s e d  v e r y  w i d e l y  i n  
t h e  e n e r g y  s e c t o r  e s p e c i a l l y .  I t h i n k  h e r e  a g a i n  i n  t h e  ab- 
s e n c e  o f  f u t u r e s  m a r k e t s  i n  marke t  economies  we s h o u l d  t h i n k  
v e r y  s e r i o u s l y  a b o u t  t h e  q u e s t i o n  of  whe ther  shadow p r i c e s  
s h o u l d  b e  u s e d  a s  s u b s t i t u t e s  f o r  t h e  n o n e x i s t e n t  m a r k e t s .  
H u t b e r  
I would l i k e  t o  o b j e c t  i f  I may, t o  a s s o c i a t i n g  a l l  Western 
c o u n t r i e s  w i t h  n o t  u s i n g  shadow p r i c e s .  W e  c e r t a i n l y  d o  u s e  
shadow p r i c e s  i n  t h e  UK energy  s e c t o r  and I would n o t  want  t o  
be  a s s o c i a t e d  w i t h  n o t  u s i n g  them. Also  I would l i k e  t o  make 
it p e r f e c t l y  c l e a r  t h a t  c e r t a i n l y  a s  f a r  a s  t h e  UK i s  concerned  
we d o  n o t  look  a t  f u e l s  i n  i s o l a t i o n .  Our work i s  done i n  an 
i n t e g r a t e d  f a s h i o n  w i t h  a l l  t h e  f u e l s  b e i n g  c o n s i d e r e d .  I n  f a c t ,  
t h e  main p r o c e s s  t h a t  we u s e  i s  t o  f o r e c a s t  t o t a l  e n e r g y  by 
s e c t o r .  I t  is  o n l y  a t  a  l a t e r  s t a g e  t h a t  we b r e a k  it down i n t o  
t h e  i n d i v i d u a l  f u e l  components.  
Belostotski 
I must add to Nordhaus' comments that there are two main 
points which must be mentioned in our discussion now. First, 
that the planning process in our country includes a simultaneous 
process for all branches of the economy and second, that we have 
the effect of the energy branch not through a market but through 
the process of planning. This is simultaneous for all branches. 
This process is part of our methodology. 
Parikh 
May I ask a supplementary question. What do you do if the 
shadow prices are not stable? 
Albegov 
I refer to a report prepared in another section of IIASA. 
We think that the system of these shadow prices depends on the 
rate of initial expenditure in our large coal basins such as the 
Donets and the Kuznetsk and we have in these basins an additional 
capability for meeting all additional demand, and this enables 
us to use stable shadow prices at the lower levels. 
Styrikovich 
My opinion is that today in the market economy countries 
many big decisions are governmental and are planned. In the 
last few years in our country many governmental decisions and 
many data for the "optimization model" have derived from the 
statistical extrapolation of the aggregated needs of individual 
consumer goods and we rely in some sense on the market or the 
demand and supply of these goods. We have institutes working 
on the problem of the future trends of the people's demands. 
These institutes are connected with the Ministry of Domestic 
and Foreign Trade. 
But the major part of our energy demand derives from direct 
calculations of fuel requirements after levels of production are 
planned for large enterprises or planned levels of steel 
product ion ,  e l e c t r i c i t y  product ion ,  e t c .  A s  B e l o s t o t s k i  added, 
we have permanent p lanning  machinery which means t h a t ,  w i th  
some new f a c t o r s  coming up i n  t h e  p lanning  review, we can inc lude  
them i n  t h e  model f o r  r eop t imiza t ion ,  t a k i n g  i n t o  account  a l l  
t h e  p o s s i b i l i t i e s  t h a t  we have f o r  ba lance  of inves tment ,  ba lance  
of payment, ba lance  of l a b o r  f o r c e s ,  e t c .  
Hutber 
Could you g i v e  us  some rough i d e a  how many i n s t i t u t e s  a r e  
involved  i n  t h i s  p lanning  process?  
S ty r ikov ich  
I n  t h e  p roces s  of p lanning  we have many i n s t i t u t e s .  But 
f o r  t h e  p roces s  of op t imiz ing  t h e  energy ba lance  i t s e l f  we have 
today I t h i n k  f i v e  o r  s i x  b i g  i n s t i t u t e s .  The major p a r t  of 
t h e i r  work i s  i n  t h e  op t imiza t ion  of energy demand and supply 
and energy ba lance  opt imiz ing .  I t h i n k  t h e r e  a r e  about  500, 
maybe 700, s c i e n t i s t s  devoted p r i m a r i l y  t o  t h i s  t a s k  i n  s p e c i a l -  
i z e d ,  s c i e n t i f i c  i n s t i t u t e s  working f o r  t h e  Min i s t ry  and C e n t r a l  
Planning Committee of t h e  S o v i e t  Union, P lanning  Committees of 
t h e  Republics  and o t h e r  a d m i n i s t r a t i v e  bodies .  The t o t a l  number 
of people engaged i n  energy p lanning  a t  c e n t r a l ,  r epub l i c ,  and 
l o c a l  government l e v e l s  i s  even h igher .  But t h e  f i g u r e  of 500 
t o  700 r e l a t e s  on ly  t o  t h e  s p e c i a l i z e d  s c i e n t i f i c  i n s t i t u t e s .  
These d a t e ,  I t h ink ,  from 1958 and 1959 when t h e  system of t h e  
so -ca l l ed  shadow o r  c l o s i n g  p r i c e  was e s t a b l i s h e d  f o r  energy 
ba lance  op t imiza t ion .  
A sma l l  remark f o r  Par ikh:  Of cou r se  shadow p r i c e s  based 
on t h e  c o s t  of  product ion  and d i s t r i b u t i o n  a r e  v a r i a b l e  and 
change wi th  t ime,  b u t  I t h i n k  t h a t  t h e  shadow p r i c e  based on t h e  
c o s t  of  product ion  and d i s t r i b u t i o n  i s  more s t a b l e  t han  normal 
market  p r i c e s .  
Khazzoom ' 
You have been us ing  t h e  te rm "energy ba lance"  and I want 
t o  make c l e a r  t o  myself t h a t  we a r e  t a l k i n g  about  t h e  same 
t h i n g .  We had a paper  t h i s  morning by S l e s s e r  on energy ba lance .  
Is t h a t  t h e  term t h a t  you have i n  mind? Do you maximize energy  
ba l ance  i n  t h e  same sense  t h a t  he was t a l k i n g  about?  
Nordhaus 
He i s  ask ing  about  t h e  o b j e c t i v e  f u n c t i o n  i n  your op t imiza t ion .  
S t y r i k o v i c h  
The o b j e c t i v e  f u n c t i o n  i s  t h e  minimum c o s t  t o  meet t h e  
p lanned  needs. The minumum c o s t  i s  c a l l e d  t h e  c a l c u l a t i n g  c o s t ,  
and it i n c l u d e s  a l l  l a b o r  c o s t s ,  m a t e r i a l  c o s t s ,  and 12% p e r  y e a r  
f o r  inves tment .  The 12% i s  t h e  p r e s e n t  s t a n d a r d  p r a c t i c e  f o r  
such c a l c u l a t i o n  i n  t h e  S o v i e t  Union. I t  is p o s s i b l e  t o  change 
t h i s  i n  t h e  f u t u r e .  I t  i s  i n t e r e s t i n g  t h a t  i f  you change t h i s  
pe rcen tage  i n  t h e  long-run it w i l l  a f f e c t  t h e  outcome. I f  t h i s  
p e r c e n t  i s  t o o  h igh ,  it means t h a t  a l l  t h e  e n t e r p r i s e s  w i l l  
choose expens ive  investment  w i t h  a  consequent  h igh  demand f o r  
l abo r .  I f  t h e  r a t e  is t o o  low, t h e  consequence is t o o  much c a p i t a l  
inves tment .  I n  t h e  f i r s t  c a se  you w i l l  have s h o r t a g e  of l a b o r ,  
i n  t h e  second you have an exces s  o f  l a b o r  and a s h o r t a g e  of 
inves tment .  
I n  p r i n c i p l e  t h i s  means t h a t  w i t h  a d i s c o u n t  r a t e  of 12%, 
we have f u l l  employment of c a p i t a l  and l abo r .  Of course ,  it is 
n o t  s o  s imple  i n  t iming  sometimes because t h e  l o c a t i o n  of r e -  
sou rces  f o r c e s  u s  t o  r a i s e  p r i c e s .  For  example, t h e  p r i c e  i n  
c e n t r a l  S i b e r i a  i s  low because energy is  very  cheap i n  t h i s  
reg ion .  But we have a  s h o r t a g e  of l a b o r  and t h i s  r e s t r i c t s  t h e  
p o s s i b i l i t i e s  f o r  new investment .  F u r t h e r ,  it means t h a t  we 
need b i g g e r  inves tments  i n  t h e  i n f r a s t r u c t u r e  of c e n t r a l  S i b e r i a ,  
b i g g e r i n v e s t m e n t s o f  c u l t u r a l  and housing measures t o  make c e n t r a l  
S i b e r i a  a t t r a c t i v e  to people.  A l l  t h i s  needs t i m e ,  and,  because 
of  t h i s ,  sometimes it is  neces sa ry  t o  r e v i s e  t h e  p l a n  and t o  
r eop t imize  our  a l l o c a t i o n  of  energy,  l a b o r ,  and inves tment ,  i n  
s h o r t ,  our  whole p lan .  
Woite 
J u s t  f o r  c l a r i f i c a t i o n  I would l i k e  t o  a s k  you i f  t h i s  1 2 %  
p e r  y e a r  c a p i t a l  charge  which you mentioned i s  i n  r e a l  terms o r  
i s  t h e r e  any i n f l a t i o n ?  
Albegov 
The va lue  of t h e  p rod uc t  i s  t aken  a s  a  c o n s t a n t  ove r  t i m e  
f o r  p r o j e c t  c a l c u l a t i o n .  [ T he r e f o r e  it is  a r e a l  i n t e r e s t  r a t e  
--Ed. I 
P a r i k h  
I would l i k e  t o  c l a r i f y  my e a r l i e r  q u e s t i o n  on t h e  s t a b i l i t y  
of shadow p r i c e s .  I t houg h t  what was b e i n g  s a i d  i s  t h a t  i n  o r d e r  
t o  t a k e  i n t o  accou t  u n c e r t a i n t i e s  t h a t  may a r i s e  i n  t h e  f u t u r e ,  
t h e  S o v i e t  Union c a r r i e s  o u t  t h e  e x e r c i s e  w i t h  a  h i g h e r  and a  
lower e s t i m a t e  o f  demand. I t  seems t o  m e  t h a t  i n  b o t h  c a s e s  you 
look  a t  t h e  shadow p r i c e s  and f i n d  t h a t  t h e  shadow p r i c e s  a r e  
s t a b l e .  I a s k ,  when you a r e  do ing  t h i s  e x e r c i s e ,  suppose you 
f i n d  t h a t  shadow p r i c e s  a r e  n o t  s t a b l e ,  t h e n  what do you do? 
And s econd ly ,  r e g a r d i n g  t h e  p o i n t  you made t h a t  shadow p r i c e s  a r e  
more s t a b l e  t h a n  market  p r i c e s ,  I beg t o  d i f f e r .  I f i n d  t h a t  i n  
most l i n e a r  programming e x e r c i s e s  t h a t  I have s een  t h e  shadow 
p r i c e s  f l u c t u a t e  wide ly  from y e a r  t o  y e a r ,  and from p e r i o d  t o  
pe r i od .  I t  can  happen, g iven  an i n i t i a l  imbalance,  t h a t  t h e  
shadow p r i c e  is z e r o  f o r  a  p a r t i c u l a r  r e s o u r c e  i n  one y e a r ,  and 
n e x t  y e a r  you have t h a t  p a r t i c u l a r  r e s o u r c e  c o n s t r a i n t  b i n d i n g  
and i t s  shadow p r i c e  can become v e r y  h igh .  So i n  l i n e a r  pro-  
gramming e x c e r c i s e s  I f i n d  t h a t  t h e  shadow p r i c e s  f l u c t u a t e  v e r y  
wide ly .  
S t y r i k o v i c h  
They f l u c t u a t e  wide ly  on ly  i f  some b i g  change occu r s .  
Because t h e  e x t e r n a l  market  i s  s m a l l  i n  t h e  S o v i e t  Union, t h e  
i n f l u e n c e  of  t h e  e x t e r n a l  market  on o u r  economy i s  n o t  impor t an t .  
The re fo r e ,  some t e c h n o l o g i c a l  changes ,  some changes from 
d i s c o v e r i e s  o f  new r e s o u r c e s ,  and some e r r o r s  i n  p l a n n i n g  w i l l  
of  c o u r s e  go  i n t o  t h e  changing of  shadow p r i c e s ,  b u t  f o r  s o  b i g  
a  c o u n t r y  s e v e r a l  e r r o r s  i n  one a r e a  a r e  m i t i g a t e d  by o p p o s i t e  
e r r o r s  i n  o t h e r  a r e a s  and o u r  p r a c t i c e  shows t h a t  shadow p r i c e s  
i n  o u r  c o u n t r y  a r e  v e r y  s t a b l e .  There  was one b i g  change re- 
c e n t l y ;  b e c a u s e  of  t h e  b i g  changes  i n  o i l  p r i c e s  t h e  u s e f u l n e s s  
of  our  o i l  and g a s  e x p o r t s  changed. 
B e l o s t o t s k i  
F i r s t  a  s m a l l  a d d i t i o n  t o  what S t y r i k o v i c h  s a i d .  I t h i n k  
t h a t  t h e  s t a b i l i t y  o f  t h e  shadow p r i c e  depends upon o u r  s p e c i a l  
c i r c u m s t a n c e s .  W e  have r e g i o n s  o f  c o a l  which w i l l  be t h e  s t a b i -  
l i z a t i o n  f a c t o r  i n  o u r  f o r m a t i o n  o f  t h e  shadow p r i c e s .  I f  you 
must go f rom one  b a s i n  t o  a n o t h e r  b a s i n ,  o r  from one r e g i o n  t o  
a n o t h e r  t o  meet your  changeab le  demand, you have changeab le  
shadow p r i c e s ;  b u t  we have t h e  g r e a t  r e g i o n  of  c o a l  i n  S i b e r i a  
and t h i s  c o a l  r e g i o n  s t a b i l i z e s  o u r  shadow p r i c e s  and t h i s  m e e t s  
t h e  changeab le  demand. Second, a s  f o r  t h e  dependence upon t h e  
world market  p r i c e s ,  I t h i n k  t h a t  t h e r e  a r e  some s t r a t a  i n  o u r  
e n e r g y  b a l a n c e s .  The wor ld  p r i c e s  have a  c o n n e c t i o n  w i t h  o n l y  
a  s m a l l  s t r a t u m  of  o u r  demand. 
Nordhaus 
May I j u s t  comment on t h i s ,  because  I t h i n k  i n  f a c t  t h e  
s e n s i t i v i t y  r e a l l y  depends on t h e  t i m e  p e r i o d  of  t h e  e s t i m a t e .  
I n  t h e  s h o r t  run  where o u t p u t  i s  c a p a c i t y  c o n s t r a i n e d ,  you f i n d  
t h a t  shadow p r i c e s  a r e  h i g h l y  v a r i a b l e .  I n  t h e  l o n g  run  where 
o u t p u t  i s  n o t  a t  a l l  c a p a c i t y  c o n s t r a i n e d ,  t h e  c o s t  c u r v e s  a r e  
f l a t  and you f i n d  t h e  shadow p r i c e s  t e n d  t o  be v e r y  s t a b l e .  
My u n d e r s t a n d i n g  is  t h a t  t h e  c a l c u l a t i o n s  t h a t  you a r e  t a l k i n g  
a b o u t  f o r  t h e  S o v i e t  Union a r e  main ly  f o r  long- run  p l a n n i n g  
p u r p o s e s ,  and  t h e r e f o r e  it i s  r e a s o n a b l e  t h a t  your  shadow p r i c e s  
would b e  much more s t a b l e  t h a n  t h o s e  of  P a r i k h ,  which a r e  f o r  
t h e  s h o r t  r u n .  
Sty r ikov ich  
Yes, it is mainly s o  because t h e  changes of ou r  shadow 
p r i c e s  do n o t  a f f e c t  t h e  p r i c e  t o  t h e  i n d i v i d u a l  markets  i n  
t h e  S o v i e t  Union i n  t h e  s h o r t  run,  and, a s  a r u l e ,  they  a l s o  
do n o t  change t h e  p r i c e s  f o r  t h e  b ig  governmental type  of con- 
sumer. We change a c t u a l  p r i c e s  only g radua l ly  a f t e r  a b ig  change 
i n  t h e  shadow p r i c e .  Because of t h i s ,  changes i n  t h e  shadow 
p r i c e  do n o t  change t h e  demand from our  i n t e r n a l  market,  s o  we 
change a c t u a l  p r i c e s  only from t ime t o  t ime when t h e  b i g  d i f -  
f e r e n c e s  i n  shadow p r i c e s  accumulate. 
Waverman 
I n  p r a c t i c e ,  do you use  t h e  shadow p r i c e  o r  t h e  a c t u a l  
p r i c e  i n  c a l c u l a t i o n s ,  say  f o r  s t e e l  p l a n t s ?  
S ty r ikov ich  
Because a l l  s t e e l  f a c t o r i e s  belong t o  t h e  government, we 
use t h e  p r i c e  which is t h e  h i g h e s t  p r i c e  among t h e  i n d i v i d u a l  
f a c t o r i e s .  I f  we have f o r  example very low c o s t  gas  i n  t h e  
Ukraine, b u t  l i m i t e d  s u p p l i e s ,  t h e  c o s t  i s  n o t  used a s  t h e  
shadow p r i c e .  Shadow p r i c e  i s  a p r i c e  f o r  c l o s i n g  t h e  ba lance  
i n  energy r e sources .  We have ve ry  cheap energy r e sources  and 
of course  a t  f i r s t  we use t h e  cheapes t ,  a f t e rward  t h e  more 
expens ive ,  and f i n a l l y  t h e  h i g h e s t  p r i c e  a s  t h e  shadow p r i c e .  
Of course  t h i s  does n o t  hold f o r  e x i s t i n g  p l a n t s .  I t  i s  f o r  
new p l a n t s  because f o r  e x i s t i n g  p l a n t s  t h e  c a p i t a l  investment  
is a l r eady  i n  p l ace ;  i n  many cases  t h e  r e a l  c o s t  w i l l  be wi th  
t h e  o l d  investment .  The ou tpu t  of t h i s  f a c t o r y  goes t o  t h e  
p o i n t  where t h e  c o s t  r eaches  t h e  shadow p r i c e .  
Hutber 
You have a dual  p r i c i n g  system i n t e r n a l l y ,  a p lanning  p r i c e  
and an a c t u a l  p r i c e .  
3.2 Western Europe 
The In f luence  of P r i c e s  on t h e  
Consumption - of Energy 
P. Morin 
Over t h e  p a s t  t e n  o r  t.wenty y e a r s ,  t h e  consumption of 
energy (aggregate  o r  by s e c t o r s )  of t h e  d i f f e r e n t  c o u n t r i e s  
has  been c l o s e l y  c o r r e l a t e d  wi th  t h e  evo lu t ion  of t h e i r  respec-  
t i v e  Gross Nat ional  Products .  I n  econometric s t u d i e s ,  t h e  
p r i c e  of energy o r  of i t s  d i f f e r e n t  forms does no t  c o n s t i t u t e  
a  s i g n i f i c a n t  explanatory  f a c t o r .  Indeed, t h e  r e g u l a r i t y  of 
t h e  evo lu t ion  of t h e  r e a l  p r i c e  of energy ( i n  cons t an t  d e c l i n e )  
i s  no t  s u f f i c i e n t l y  informat ive .  
On t h e  o t h e r  hand, it i s  t o  be noted t h a t  t h e  l e v e l  of t h e  
consumption of energy (expressed i n  t o n s  c o a l  equ iva l en t  (tee) 
per  d o l l a r  of GNP, f o r  example) v a r i e s  cons ide rab ly  from one 
count ry  t o  ano the r ,  wi thout  t h e  p r i c e  of energy c o n s t i t u t i n g  
a completely s a t i s f a c t o r y  explanatory  f a c t o r  e i t h e r .  The 
sudden r i s e  i n  t h e  p r i c e  of imported crude  o i l  a f t e r  t h e  end 
of t h e  yea r  1973 has con t r ibu ted  t o  an apprec i ab le  modif ica t ion  
i n  1974 of t h e  aggregate  consumption of energy a s  we l l  a s  i n  
consumption a f t e r  breakdown i n t o  i t s  v a r i o u s  forms. 
The d e f i n i t i o n  of  new medium-term energy p o l i c i e s  has  
g iven  r i s e  t o  many supply and demand f o r e c a s t  s t u d i e s .  I f  
de t e rmina t ion  of supply curves  can be t h e  r e s u l t  of t h e  aggre- 
g a t i o n  of v a r i o u s  t echno log ica l  and economic s t u d i e s ,  d e f i n i -  
t i o n  of  demand curves  appears  t o  be a  f a r  more d e l i c a t e  and 
u n c e r t a i n  ma t t e r .  I n  t h i s  s tudy ,  we s h a l l  s t r i v e  t o  ana lyze  
t h e  behavior  of consumers (households and i n d u s t r i e s )  who a r e  
f aced ,  on t h e  one hand, w i th  high-priced energy,  and, on t h e  
o t h e r  hand, w i th  modified r e l a t i v e  p r i c e s  f o r  t h e  d i f f e r e n t  
forms of energy. 
1. Main F a c t o r s  Act ing  Upon t h e  Demand f o r  Energy 
The main f a c t o r s  a c t i n g  upon t h e  demand f o r  energy a r e  
t h e  g r o s s  n a t i o n a l  product  and t h e  incomes of households,  t h e  
"guid ing"  p r i c e  of energy,  and t h e  r e l a t i v e  p r i c e s  of t h e  
v a r i o u s  forms of energy.  Technologica l  e v o l u t i o n  must a l s o  
be  t aken  i n t o  account .  
A t  a g iven  moment, a v a r i a t i o n  i n  one of t h e s e  parameters  
i n f l u e n c e s  t h e  c h o i c e s  made by consumers, modifying t h e  volume 
and t h e  d i s t r i b u t i o n  of energy consumption. I t  may be cons id-  
e r e d  t h a t  f o r  a g iven  set of parameters  a n  opt imal  s i t u a t i o n  
cor responding  t o  consumer equipment e x i s t s ,  and t h a t  t h e  
equipment is p e r f e c t l y  adapted  t o  t h e  de termining  v a r i a b l e s .  
I n  r e a l i t y ,  t h i s  s i t u a t i o n  i s  never  achieved.  Energy- 
consuming equipment has  a r a t h e r  long l i f e  span,  and t h e  a n t i c -  
i p a t i o n s  of  consumers a r e  u n c e r t a i n .  Each consumer i s  t h u s  
con f ron ted  a t  a l l  t imes  w i t h  t h e  problem i l l u s t r a t e d  i n  F i g u r e  
EXISTING EQUIPMENT ? I 
FORM OF ENERGY + 
F i g u r e  1 .  Choices open t o  consumers. 
It must be noted that variations in the consumption of 
energy at times when prices vary little are mainly due to the 
acquisition of new energy-consuming equipment and the replace- 
ment of old appliances by more energy-intensive appliances. 
The effect of more intensive use of pre-existing equipment is 
a marginal factor. The evolution of consumption can then be 
explained by an increase in industrial production and an increase 
in the purchasing power of households. 
The modification in the price of energy broadens the range 
of choice of the consumer, whose behavior varies depending upon 
whether the modification is a purely cyclical or a more durable 
phenomenon. In the first case, the decisions concerning equip- 
ment will for all practical purposes not be modified, but the 
level of use the consumer chooses will be different. 
In the second case, the consumer will adapt his decisions 
on equipment to an anticipated price of energy which is more 
or less subjective. Under such conditions, the new equipment 
chosen will be different, and the overall renewal of consumer 
equipment will be hastened. The effect of a modification in 
the price will then increase as time passes, along with the 
share of adapted equipment owned by consumers. One may there- 
fore distinguish between a short-term elasticity, resulting 
from a rigid equipment structure, and a medium-term flexibility, 
increasing with the adaptation of consumer equipment to the 
new price. 
2. Substitutions Between Forms of Energy 
Variations in the relative prices of the different forms 
of energy also modify the choices made by consumers. One can 
distinguish short-, medium-, and long-term effects. On a short- 
term basis, the level of consumption alone is modified, with 
no adaptation of equipment except possibly in the case of 
industrial consumers who possess a mixed power supply. On a 
medium-term basis, consumers will optimize the power supplies 
of their new equipment. Finally, on a long-term basis, tech- 
nological innovations can broaden the range of substitutions. 
I n  c e r t a i n  markets ,  term s u b s t i t u t i o n  i s  ve ry  d i f f i c u l t  
(e .g .  automobile  u se ,  o r  aluminum p r o d u c t i o n ) ,  whi le  i n  most 
marke ts  it is p o s s i b l e .  
Ana lys i s  of t h e  compet i t ion  must t a k e  i n t o  account  t h e  
economic c o s t  of supply ing  energy. A s p e c i f i c  technology of 
u se  cor responds  t o  each form. The p r i c e  of  t h e  energy i t s e l f  
cor responds  t o  only  p a r t  of t h e  c o s t  of supply ing  it t o  t h e  
u se r .  Th i s  c o s t  i n c l u d e s  amor t i za t i on  and upkeep ( s t o r i n g ,  
convers ion ,  c l e a n i n g ) .  
Thus, i f  a  form of energy r e q u i r e s  equipment t h a t  i s  l e s s  
c a p i t a l  i n t e n s i v e  i n  n a t u r e  and o f f e r s  a  b e t t e r  q u a l i t y  of  
s e r v i c e  ( b e t t e r  y i e l d ,  g r e a t e r  s t a b i l i t y ,  e a s i e r  r e g u l a t i o n ) ,  
e q u a l i t y  of c o n d i t i o n s  of compet i t ion  does  n o t  correspond t o  
e q u a l i t y  of p r i c e  pe r  thermal  u n i t  purchased by t h e  u s e r .  
Th i s  i s  of p a r t i c u l a r  importance i n  t h e  i n d u s t r i a l  marke ts  
where employment s p e c i f i c a t i o n s  may be v a r i a b l e .  
3. A n t i c i p a t i o n s  of t h e  Economic Agents 
The d e c i s i o n s  of t h e  economic a g e n t s  do n o t  h inge  only  on 
s u r e  v a r i a b l e s ;  t hey  a r e  a l s o  a  f u n c t i o n  of t h e i r  p a r t i c u l a r  
concept ion  of t h e  f u t u r e .  The f o r e c a s t s  o r  a n t i c i p a t i o n s  of 
t h e  economic a g e n t s  a r e  r a t i o n a l  on ly  up t o  a c e r t a i n  p o i n t .  
Thus, an e n t e r p r i s e ' s  c h o i c e  of inves tments  can  g i v e  r i s e  t o  
economic c a l c u l a t i o n s ,  b u t  t h e  d e c i s i o n s  of households a r e  
marked by f a r  g r e a t e r  s u b j e c t i v i t y .  When one observes  a  r e g u l a r  
e v o l u t i o n  over  a  long p e r i o d ,  t h e  problem of a  c o l l e c t i v e l y  
consc ious  e v o l u t i o n  p r a c t i c a l l y  never  comes up. Thus, i n  t h e  
s i x t i e s ,  t h e  c o n t i n u a t i o n  of p a s t  e v o l u t i o n  c o n s t i t u t e d  t h e  
b e s t  p o s s i b l e  fo ' recast  u n t i l  1972, and opt imal  d e c i s i o n s  were 
r e p e t i t i o n s  of p rev ious  cho ices .  
Conversely,  t h e  d u r a b l e  n a t u r e  of t h e  sudden r e v e r s a l  of  
t h e  t r e n d  which occurred  i n  1973 can  be i n t e r p r e t e d  i n  d i f f e r -  
e n t  ways. Whereas t h e  e x p e r t s  can  f u r n i s h  only  ve ry  u n c e r t a i n  
f o r e c a s t s ,  economic a g e n t s  @an t a k e  extremely v a r i e d  d e c i s i o n s ,  
owing t o  t h e  p o s s i b i l i t i e s  of  v a r i e d  f o r e c a s t s  and cho ice  
c r i t e r i a  i n  u n c e r t a i n  f u t u r e s .  Under such c o n d i t i o n s ,  t h e  
d e s i r e  t o  d e f i n e  an  energy s t r a t e g y  and t o  make up f o r  imper- 
f e c t i o n s  i n  t h e  market may prompt governments t o  o r i e n t  
t h e  c h o i c e s  made by v a r i o u s  means by consumers ( i . e .  r e s t r i c t  
t h e i r  p o s s i b i l i t i e s  i n  which t o  choose ) .  
Thus, t h e  imper fec t ions  of t h e  market ( l a c k  of in format ion ,  
l a c k  of compe t i t i on )  may be c o r r e c t e d  by means of s t r u c t u r a l  
measures ( informing t h e  consumer, modifying dec i s ioc - ,  produc- 
t i on - ,  and d i s t r i b u t i o n - c i r c u i t s  w i th  medium-term e f f e c t ) ,  o r  
by means of r e g u l a t o r y  measures ( s t a n d a r d s ,  quo ta s )  wi th  imme- 
d i a t e  e f f e c t  p e r m i t t i n g  a c c e l e r a t i o n  of t h e  r e t u r n  t o  opt imal  
c o n d i t i o n s .  Likewise,  t h e  energy p o l i c i e s  of t h e  d i f f e r e n t  
governments (such a s  s e l f - s u f f i c i e n c y  o r  a  s a f e  supply  s i t u a -  
t i o n )  may prompt them t o  adopt  agg rega t ive  measures (measures 
of s a f egua rd )  o r  s p e c i f i c  measures ( f i n a n c i a l  a i d  t o  producers  
and consumers) . 
4. The Evolu t ion  of  t h e  French System 
I n  France,  energy-consuming equipment f o r  many y e a r s  has  
been chosen--in most cases-- in t h e  l i g h t  of a  s t a b l e  p r i c e  o r  
even a dec reas ing  p r i c e  f o r  energy  ( i n  p r i c e s  of a  g iven  y e a r ) .  
Such equipment i s  comple te ly  i l l - a d a p t e d  a t  t h e  p r e s e n t  t ime 
and w i l l  con t inue  t o  be i n  t h e  f u t u r e ,  i f  we cons ide r  t h a t  t h e  
p r i c e  of energy i s  v e r y  u n l i k e l y  t o  f a l l  back t o  i ts  prev ious  
l e v e l .  
I n  1974, consumption of energy f e l l  t o  a  l e v e l  of 4% below 
f o r e c a s t  l e v e l .  I n  1985, t h e  f i g u r e  may we l l  d r o p  t o  20% o r  
25%. Q u a n t i t a t i v e  a n a l y s i s  (aggrega te  o r  s e c t o r a l )  o f  consumption, 
a t  l e a s t  i n  t h e  c a s e  of France,  p o i n t s  w i th  c e r t a i n t y  t o  a  
growing e f f e c t  i n  t ime of t h e  v a r i a t i o n  i n  t h e  p r i c e  of energy.  
The use  of  p r i v a t e  automobiles  c o n s t i t u t e s  a  market which is  
well-adapted t o  h igh  p r i c e s .  The r a t h e r  h igh  t a x a t i o n  of 
highway f u e l s ,  and t h e  r a t h e r  a c u t e  r e a l i z a t i o n  by t h e  consumers 
of t h e  h igh  c o s t  of t h e i r  f u e l  purchases  prompted automobile  
manufac turers  t o  o r i e n t  t h e i r  e f f o r t s  toward models consuming 
a minimum s p e c i f i c  amount of f u e l .  On a shor t - te rm b a s i s ,  t h e  
consumer r e a c t s  t o  p r i c e  h i k e s  mainly by u s i n g  h i s  v e h i c l e  l e s s .  
Ove ra l l  consumption has  decreased  i n  1974 a s  compared t o  1973. 
The o v e r a l l  dec rease  was accompanied by a  t r a n s f e r  of purchases  
t o  r e g u l a r  g a s o l i n e  (lower oc t ane  f u e l )  which i s  l e s s  expensive.  
I t  is  no t  ea sy  t o  a s s e s s  t h e  p a s t  i n f l u e n c e  of p r i c e s  on con- 
sumption. One no te s ,  however, t h a t  g a s o l i n e  ( p e t r o l )  a p p a r e n t l y  
has  a  p o s i t i v e  e l a s t i c i t y  (w i th  r e s p e c t  t o  t h e  r e a l  p r i c e )  of 
0.25, wh i l e  premium grade  g a s o l i n e  ( p e t r o l )  ha s  a  nega t ive  
e l a s t i c i t y  of 0.9. For t h e  agg rega t e  of t h e  f u e l s ,  t h e  e l a s -  
t i c i t y  seems t o  be about  0.35. 
The e f f e c t  r e g i s t e r e d  i n  1974 i s  cohe ren t  w i t h  t h i s  e s t i -  
mate. Regulatory measures, which a t  any r a t e  have more t o  do 
w i t h  problems of s a f e  d r i v i n g  (speed l i m i t a t i o n s )  a r e  a b s o l u t e l y  
i nadequa te  t o  e x p l a i n  t h e  d rop  i n  consumption. The i n c r e a s e  i n  
consumption noted i n  t h e  f i r s t  q u a r t e r  of 1975 conf i rms  t h e s e  
conc lus ions ,  i f  we t a k e  i n t o  c o n s i d e r a t i o n  t h e  f a c t  t h a t  t h e  
r e a l  p r i c e  of f u e l s  has  gone down. 
On a medium-term b a s i s ,  t h e  e v o l u t i o n  of consumption w i l l  
proceed a t  a  s lower tempo than  has  been f o r e c a s t ,  due t o  t h e  
i n f l u e n c e  of t h r e e  f a c t o r s  : 
- t h e  s lower tempo of equipment i n s t a l l a t i o n  o r  renewal; 
- t h e  lower t o t a l  mileage covered;  and 
- t h e  lower s p e c i f i c  consumption. 
A t  t h e  p r e s e n t  t ime,  it is  es t ima ted  t h a t  i n  1985 t h e  
consumption f i g u r e  may be from 15% t o  25% lower than  t h e  l e v e l  
t h a t  had been f o r e c a s t  p r ev ious ly .  
The domest ic  h e a t i n g  market f e a t u r e s  d i f f e r e n t  c h a r a c t e r i s -  
t i c s .  I t  i s  a compe t i t i ve  market i n  which a l l  forms of energy 
compete w i t h  one ano the r .  Under t h e  i n f l u e n c e  of a  r i s i n g  
s t anda rd  of l i v i n g  and a dec reas ing  r e a l  p r i c e  of energy,  t o t a l  
consumption has  r a p i d l y  grown. It t h u s  appea r s  today t o  be t h e  
perfect example of a market that is ill-adapted to new prices, 
and one in which long-term elasticity could differ from short- 
term elasticity. 
On the immediate plane, the agents' possibilities of reac- 
tion are relatively great, even if they do lead to a loss of 
satisfaction (reductions of indoor temperatures, shorter heat- 
ing periods, improved efficiency due to better upkeep or good 
regulation). Taking the favorable weather conditions into 
account, the drop in consumption in 1974 was a sizeable one 
(in the vicinity of 17%). 
On a medium-term basis, new buildings will be adapted to 
expensive methods of heating through better insulation which 
will permit a return to the previous level of satisfaction for 
a consumption of energy which will be 30% to 40% lower. 
Finally, the industrial heating market features great 
rigidity on a short-term basis. Aggregate consumption is 
linked to the level of production. Substitution possibilities, 
on a short-term basis, are limited, in France, to electric 
power plants. In 1974 and 1975 the consumption of heavy fuel 
by industry has evolved practically as has industrial produc- 
tion: the saving can be assessed at 2%. 
Conversely, on a medium- or long-range basis, technological 
modifications will make it possible to decrease the consumption 
of energy per unit produced and to carry out substitutions 
between forms of energy. 
Energy Demand and Optimization of the 
Energy Choices 
Introduction 
The upheaval of the energy situation in France, due 
essentially to the increased price of crude oil, 
invalidates the use of classic methods of extrapolation from 
the past in order to estimate energy consumption further 
than five to ten years ahead. Extrapolation methods take 
the evolution with time of certain basic parameters of the 
economic configuration (income, industrial production, price, 
technical progress, etc. and try to assess the future 
evolution of energy consumption, with the help of econometric 
laws which assume the existence of causal links (using the 
coefficients of elasticity, for example). But it is not 
sufficient to have determined a certain tendency in the past, 
to pretend to have discovered its laws of development without 
demonstrating, if necessary theoretically, that the 
presumption that these laws are valid for the future can in 
fact be justified. 
In fact, the basic foundations of this methodology 
weaken these causality bonds: the prediction assumes the 
determinants of the consumer's behavior are unknown, but 
observation of past consumer behavior brings to light 
certain systematic aspects. These then can be described by 
a mathematical model which is chosen to take into account 
the aspects considered important, and the use of this model 
to establish predictions for the future depends upon the 
postulate that the energy system (production and consumption) 
will be reproduced in the same way as in the past and in a 
more or less identical environment. 
In particular, this amounts to supposing that energy 
consumption will develop by the same mechanism as in the 
past. These hypotheses are no longer acceptable in the 
new energy situation, which corresponds to a period of 
adaptation to the abrupt rise in the price of hydrocarbons. 
In fact, there is reason to set aside the existing econometric 
laws--laws which amount to ignoring and rejecting a priori 
all the possibilities of fighting against the waste of energy 
or in the substitution of capital for energy, which will be 
essential in the future evolution of the energy system. 
In order to do this, it is necessary to use methods 
which bring to light more explicitly the factors which 
determine energy demand (fundamental requirements, 
socio-economic variables, that is to say phenomena such as 
urbanization, the private car, the need of comfort) and 
which take into account the different processes and 
techniques of the use of energy, which are more or less 
"energy intensive." 
One of these methods could be an analytical approach 
consisting of the long-term optimization of the whole energy 
production and consumption activities. This would be the 
logical continuation of a certain way of energy modelling 
already carried out in many places, especially in France at 
the ~. 
The model "ENERGIE"~ which has been developed there is 
a linear programming model minimizing, in the long-term, 2 
'see D. Finon, "Optimization Model for the French 
Energy Sector," Enerqy Policy (June 19741, 136-151; 
D. Finon, "Un Mod&le d'o~timisation du Secteur de l16n&rsie," 
Revue FranCaise de 1 'En6;gie1 261 (March 1974) ; and 
'D. Finon, "Le Modele 'ENERGIE', Essai d'optimisation du 
Secteur Fran~ais de l'En6rgie." Thesis, Grenoble, March 1975. 
'For the period 1975-2020. 
cost of final energy supply to the community, which also 
takes into account the different political objectives such 
as reducing energy dependency, the security of supply, and 
the limitation of effects on the environment. 
By the attendant realization of the different types of 
choice at each energy branch, the optimization of the 
program enables one to determine: 
1 )  the balance of primary energy, by form of 
energy and by origin; 
2) the structure of the production of the different 
energy branches (that is to say, the capacities 
of the different equipment constructed at 
different dates) together with the distribution 
of the different energies in intermediate 
rival fields. 
In order to do this, the different energy production 
processes have been represented with the help of a graph 
which starts from the production of the primary energy and 
finishes with the supplying of the final energy to the 
consumers. In its present form, the model also includes 
the choice between the secondary forms of energy for the 
rival fields of domestic and industrial thermal uses. The 
requirement levels to be satisfied are therefore expressed 
in effective energy for these rival fields and in final 
energy for the specific uses of a specific form of energy. 
The choices at the level of final consumption are therefore 
based on the utilization yield and the equipment outlay, and 
enable one to determine the definitive structure of the 
energy consumptions. 
Other models of this sort have been developed in the 
world, whether in western countries3 or in socialist 
countries. As for the model "ENERGIE" some components 
include the optimization of certain consumption processes. 5 
It also proves to be of interest to systematize this 
representation of energy demand by considering two submodels, 
a submodel of production and a submodel of consumption. 
The latter--which it would be of interest to develop more 
extensively than is done in the present work--will optimize 
all the consumption processes from the level of obtaining the 
effective energy (that is to say the calorific, mechanical, 
3~ee, for example in Mexico, the model "ENERGETICOS, " 
"Multilevel Planning: Case studies in Mexico" (North Holland 
19721, pp. 233-290; and in America, the Brookhaven Laboratory 
Model (K. Hoffmann, "A Unified Framework for Energy System 
Planning," Proceedings of IIASA Planning Conference on Energy 
Systems, July 17-20, 1973 (Laxenburg, Austria, International 
Institute for Applied Systems Analysis, 1973). 
4~ee, for example in Hungary, Sovary and Pikler, "Economic 
Principles for the Selection of Energy Sources," in Hungarian, 
~iisaki Elet, 15 (1 969) , and in Bulgaria, Kostadinov, "Economico- 
Mathematical Model for the Optimization of the Energy Resources 
of the People's Republic of Bulgaria," Econocmetska Misal, 
3 (1968). 
5 ~ h e  Mexican model already cited includes, for example, 
the choices between siderurgical processes; the American 
model includes the choice between energy agents in siderurgy and 
in the domains of domestic and industrial thermal uses and air 
conditioning systems; the Hungarian model considers twenty-eight 
groups corresponding to a precise use and technique (cooking, 
domestic heating, industrial heating, cement ovens, brickworks, 
chalk, glassworks, bread ovens, etc.). 
chemical, or luminous energy actually used)6 to the supplying 
of the different forms of final eneru to the users. This 
optimization will allow the levels of final energy consumption 
(that is, the production objectives of. the proaucer sector) 
to be determined by minimizing the cost of utilization 
of the different energies, the pr~duction objectives being 
the fundamental requirement levels of each user. 
The basic ideas of this method of optimizing energy 
consumption are in opposition to those of extrapolation 
from the past : 
a) the consumer's behaviar is perhaps not known 
precisely but it is reasonable to suppose it 
is rational. A study of the past allows the 
realism of this hypothesis to be verified; 
b) the step implicit in the research of the sector 
optimum supposes a rational sector allocation, 7 
practicing a policy of marginal cost pricing for 
production and selling, a policy which allows the 
realization of an opti~un for the energy sector 
compatible with the optimum for the collectivity. 
It is neither absurd nor incoherent to suppose 
it possible to optimize the whole of the energy 
consumption processes in the same way. 
This approach is open to two possible interpretations: 
6 ~ n  order to employ a vocabulary which does not give 
rise to confusion, we shall use the term "energy agent" to 
designate the different combustibles or electricity in as 
much as the real "forms of energy" are the mechanical work, 
the heat, or the luminous energy which they are supposed to 
supply. The term "energy vector" will be employed to 
designate the support of the energy from the entry in the 
consuming machinery to the effective use of the form of 
energy in the equipment under consideration (for example the 
vapor or hot water). One could discuss the merits of these 
terms but, stated thus, they at least help to avoid confusion. 
7~mplicitly the approach refers to a planning organization 
responsible for the elaboration and application of energy policies 
whose field cf action covers the whole group of energy production 
activities. 
1) Each energy consumer has a rational behavior, which 
enables one to "separatew8 the optimization of the 
parameters of his energy consumption and the 
optimization of the rest of his activities 
(consumption of other goods, production of 
outputs). Note that it is necessary to underline 
clearly that to "separate" the optimizatioc of 
energy consumption activities from other activities 
of the agent under consideration signifies that the 
corresponding program should verify the conditions 
of "separability" compared to the global program 
for this agent. In fact, these conditions 
sometimes necessitate enlarging the program, 
taking into account certain interdependencies of 
the optimized field and certain parameters 
external to it. 
2 )  The field of competence of the sectoral allocation 
will include the demand for a "form of energy. "' 
What the sector sells is always the different 
energy agents, but the price of these is defined in 
8~xplicit reference is made here to the theory of 
separability of a program, developed in France by F. ~essi2re 
during the sixties. (See in particular F. Bessigre, "La Mdthode 
des ModSles Elargis: Application 2 un mod&le de choix des 
Investissements," 25 Ans d'Economie Electrique, pp. 227-240; 
and F. Bessiere and E. Sauter, "Optimisation et sous--0ptimis- 
ation: la ~6thode des ~od&les Elargis," RFRO No. 40, 1966. 
It constitutes one of many variations of exploitation of the 
decomposition algorithm of Dantzig-Wolfe, the mathematical base 
of most of the planning methods decentralized by prices (or 
quantities). Separability will be used here mainly intuitively, 
not rigorously. Our aim is in fact to use the decentralization 
property of an optimization program in an informal way. It is 
probable that mathematical verification of our affirmations 
would involve reviewing one or another points of our method. 
 his term is defined in footnote six above. 
such a way that the implicit price of the 
"form of energy" demanded is related to its 
marginal production cost, that is to say, taking 
into account the production costs of the energy 
sector and the utilization costs of the consumer. 
The program for the energy sector, enlarge2 to 
include energy consumption should remain separable 
from the program for the whole of the economy. 
Without formulating this last program mathematically, 10 
it would appear that the realization of the "separability" of 
the consumption submodel and this proqram is very different 
depending on the consumers and the uses, taking into account 
the variable importance of the interaction between the 
consumption of an energy agent and the characteristics of 
the technical capital, whose functioning necessitates the 
use of this agent. The principles of the representation of 
energy consumption processes will give rise to the 
characteristics (at least intuitive) of separability at the 
level of each of the consumer sectors and each type of use. 
1 .  The Principles of the Representation of the 
Consumption of Energy Processes 1 1  
1.1 The Strong Interaction Between Energy Agent and 
Technical Ca~ital 
This is the case of the large energy consumer sectors 
where the expenditure of energy constitutes a large part of 
the total cost and where the possibility of substitution 
'~ot formulating the whole group of programs for each 
energy consamin7 economic agent is practically the same thing. 
l ~ h e  divisions of consumption which follow are similar to 
those in the trial of analytical approach to the evolution of 
energy consumption in the long or very long term made at the 
IEJE by B. chateau and B. Lapillonne in "Projection 5 Long Terme 
de la Consommation dtEnergie en France," synthesis report. 
between production factors, and in particular between energy 
agents, is small. The substitution of one for the other is 
only possible by changing or modifying the technological 
processes. 
To define the future requirement levels of these sectors, 
which are to be satisfied in the submodel of consumption 
(that is to say the bounds of non-inferiority of supply 
constraints), one needs to distinguish two cases: 
a) If the horizon of optimization time does not allow 
one to envisage any possibilities of substitution 
due to the dominance of a given process and to the 
improbable access at the stage of economic maturity 
of eventual technological innovations, the use of 
the agent can be considered as being specific. If 
it is not possible to improve the dominant process, 
the demand for the "form of energy" is inseparably 
bound to that of the energy agent by which it can 
then be represented. 
b) If several processes are used or are potentially 
usable or if, between now and the end of the 
period under consider~tion, certain processes 
become viable, then the fundamental energy 
requirement is best conveyed by the output 
production level which constitutes the essential 
determinant of the energy demand of the industrial 
sectors. In fact it is possible to consider the 
production level as reflecting, more or less, the 
required transformation work necessary, taking into 
account the different processes already existing 
which the submodel will consider exolicity. This 
schema can be applied to the following sectors and products 
(the list is not exhaustive) in Table 1 .  
Table 1. 
It is necessary to specify that, for a given sector, these 
products do not necessarily enable the whole of the sector's 
processes and activities to be covered; the parts of the 
sectors excluded by this representation have to be treated 
in the section of the model concerning the other consumer 
sectors. 
SECTOR 
iron and steel 
non-ferrous metals 
ferro alloys 
non-metallic mineral 
products 
Paper 
chemicals 
This representation can also be applied to the 
transport sectors. In order to better understand the real 
situation, these should be disaggregated by transport type 
REPRESENTATIVE OUTPUTS 
steel, cast iron 
aluminium, alumina 
ferro alloys 
cement, lime, bricks 
paper paste, cardboard 
rubber, chlorine, 
nitrogen, ammonia 
( pa s senge r  t r an spo r t - -u rban  and i n t e r - c i t y ,  r oad  hau l age  etc.)  
which b e s t  c h a r a c t e r i z e s  t h e  g iven  s e r v i c e .  I t  is  ea s y ,  t hen ,  
t o  con fuse  t h e  fundamental  energy  r equ i r emen t  w i th  t h e  
t r a n s p o r t  requ i rements  which c a n  be  s a t i s f i e d  by s e v e r a l  
modes ( o r  means) which, t a ken  i n t o  accoun t  e x 2 l i c i t l y  i n  
t h e  submodel,  w i l l  be t h e  o b j e c t  of a r b i t r a t i o n  a t  t h e  
t i m e  of o p t i m i z a t i o n  ( s e e  Table  2 ) .  
Table  2. 
1 . 2  The Looser  I n t e r a c t i o n  Between Energy Agent and 
Techn i ca l  C a p i t a l  
The r e s t  of t h e  i n d u s t r i a l  s e c t o r s ,  t h e  t e r t i a r y  and 
domes t ic  s e c t o r s ,  a l l o w  a d i f f e r e n t  k ind  of  r e p r e s e n t a t i o n .  
I n  f a c t ,  i n  t h e  rest of t h e  i n d u s t r i a l  s e c t o r s ,  a weaker 
r e l a t i o n  of  t h e  energy  a g e n t s  t o  t h e  t e c h n i c a l  c a p i t a l  
c h a r a c t e r i s t i c s  is  observed .  T h i s  is  most o f t e n  t h e  c a s e  
f o r  t h e  midd l e - s i z e  i n d u s t r i e s  o r  s m a l l  energy  consumers 12 
t 
TRANSPORT TYPE 
1 Passenger  t r a n s p o r t :  
Urban 
I n t e r - c i t y  
I n t e r n a t i o n a l  
Road hau l age  : 
I n t e r - c i t y  
I n t e r n a t i o n a l  t r a n s p o r t  
1 2 ~ h e  pe r cen t age  of  energy  expend i t u r e  i n  t h e  o u t p u t  
c o s t  p r i c e  is less t h a n  4%-5%. 
REQUIREMENT CHARACTERISTICS 
Number o f  p a s s e n g e r s  
Number o f  pa s s enge r s  x km 
Number of  pa s s enge r s  x  km 
Number o f  t onnes  x km 
Number o f  t onnes  x n a u t i c a l  
m i l e s  
whose production is diversified in a certain number of 
products and processes not easy to aggregate. While this 
latter characteristic leads one to hope for the separability 
of the energy arbitrations among the contractors for other 
economic choices, the first characteristic allows one to 
presume this- is more or less already realized. The demand 
can then be represented by that of the different forms of 
energy, thermal energy (high temperature heat, low temperature 
heat, heat for the purpose of heating buildings), mechanical 
energy (fixed motive force), luminous energy (lighting), etc. 
At the domestic and tertiary sector levels which can be 
aggregated from the point of view of energy behavior, the 
problem of enlarging the substitution model is not encountered 
since these are final energy consumers. The technical and 
economic characteristics of the different energy agent 
consumption processes are therefore taken into account in 
the factors which determine their demand. It is possible to 
distinguish between the thermal energy requirements to heat 
buildings and supply hot water, and the requirements 
corresponding to the running of appliances (motive force, 
domestic appliances, air conditioning, refrigeration) a 
predominantly electrical domain. 
When there is only one unique process in any given 
domain able to supply the requirements of a "form of energy" 
for the optimization period, a process which does not have a 
possibility for improvement or substitution, this demand can 
be represented (as in the large energy consumer sectors) by 
the demand for the energy agent consumed. This is the case 
of specific electricity uses. In the other cases, the 
substitution model takes into account the different 
processes which use the energy agent to satisfy the given 
requirements of each "form of energy" of the different 
consumer sectors (other industries, residential and tertiary 
sectors). This second representation schema could be applied 
to the following sectors and uses in Table 3. 
Table 3. 
To resume, the necessity to "separate ,I' at least 
intuitively, the optimization program of the group of energy 
consumption processes from a global economy program leads to 
the definition of the possibilities of substitution between 
energy agents. For this, the energy demand is expressed in 
terms of the fundamental energy or "forms of energy" 
requirements, this expression enabling the different energy 
consumption processes to be considered. 
In fact, when there exists a rivalry between several 
processes, this demand is represented: 
TYPE OF US2 
exchangeable 
exchangeable 
exchangeable 
specific (electric) 
or exchangeable 
specific (electric) 
specific (carburants 
or electric) 
exchangeable 
specific (electric) 
specific (electric) 
r 
SECTORS 
Industries 
metal fabrication 
food industry, 
textile industry, 
building industry 
etc. 
Agriculture 
Domestic, tertiary 
sectors; 
small and cottage 
industries. 
13~his takes into account for example bakers ' oveqs, 
refrigeration, air conditioning, information processing. 
USES 
furnace uses 
vapor uses 
buildina heating 
fixed motive 
force uses 
other uses 
motive force 
cses 
heating uses 
motive force 
uses 
domestic 
appliances uses 
other uses l 3  1 specific (electric) 
building heating 
or exchangeable 
exchangeable 
- -- -- - , -. 
- either by the output production levels of the 
consumer sector under consideration (large 
consumer industries); or 
- by the requirements of transport for the transport 
sector; or 
- by the levels of demand of the different "forms of 
energy" in the remaining sectors. 
When the supply process of this form of energy and, 
therefore, the energy agent, is unique, the demand is 
represented by this agent. 
1.3. Improvement of the Reality of the Representation 
Following from the possibilities of substitution thus 
defined, it should be possible to draw a conclusion by 
optimization of an ideal structure of the energy 
consumption processes group. But it is necessary to 
improve the reality of this schema by bringing into account 
certain elements of the real conditions of substitution. 
a) The Physical Characteristics of the Energy Agents 
These can bring a consumer or a user to prefer one 
energy agent or another, with the same price for the 
usable (or efficient) therms. It is thus for gas due to 
its cleanliness, its ease of handling, the ease of 
regulation of the burners and atmosphere temperature 
control14 and, finally, due to the absence of storage 
necessarx for the consumer. Electrical energy, when its use 
is justified from the economic viewpoint1 5, presents even 
- - -- ~. - 
14~his is necessary in certain dryings and cookings. 
15~his is not the case in industry for vapor uses. 
superior qualities to gas. On the contrary, coal is not 
attractive even if only compared to petroleum products, due 
to the large storage space necessary, the difficulty of 
handling, the rapid choking up the burners, etc. Quality 
premiums can therefore be placed on the energy agents to 
be prefered. 
b) The Rigidity of Behavior Principally Owing to 
the Length of Life of the .Appliances 
Whatever the consumer sector and the energy uses 
considered, the substitution of one energy agent for 
another can take place in several ways: 
- either the reconversion of existing equipment, 
by changing the burners in the case of thermal 
uses for example; or 
- the substitution of one process for another at 
the moment of changing obsolete equipment; or 
- the choice between different processes at the 
moment of designing a piece of equipment to 
extend the existing store of consumer equipment. 
The substitution in certain consumer domains, such as the 
large consumer industries essentially take the last two 
possibilities. In the same way, replacing combustibles by 
electricity necessitates a complete change of equipment. 
The pliability of consumption differs therefore from one 
consumer to another and from one process to another. The 
rate of ~nodifications, which results from a change in the 
relative prices, differs enormously: It is true that 
everything depends on the amplitude of the change which, 
followina its size, can have diverse consequences, varying 
from the modification of polyvalent equipment to the 
accelerated change of most of the consuming equipments. 
However, it is necessary by some means or another to 
integrate these rigidity factors of energy consumption by 
explicitly taking into account the equipment, its age and 
length of life. 
2. Proposition of a Possible Formulation of a Submodel 
of Optimization of the Consumption Processes 
As it has been pointed out, the program to be 
optimized is the program to minimize the satisfaction cost 
of the levels of demand of the different "forms of energy" 
from the buying of the energy agent to the end of the 
consumption processes. The formulation will vary from 
one sector to another and from one user to another due to 
the difference in the "separability" of the problems 
encountered at each of these levels. 
2.1 The Large Consumer Industries 
The representation of the processes can be more or 
less true, more or less disagreggated. In the first 
instance, they will be formalized very simply by the 
quantities of inputs associated with the fabrication of one 
unity of output. Take, for example, the iron and steel 
industry. Consider four processes in the production of 
steel, characterized by the quantities of minerals, irons, 
coke, fuel, natural gas or electricity used to produce one 
tonne of steel. 
These processes can be characterized economically by 
the annual unitary capital and labor costs or by separating 
variable costs, fixed costs, cost of investment (which, in 
this case, inhibits the explicit taking into account of the 
capacity of the equipment). The formulation in either case 
remains very simple. 
Thus i is the ?articular process and x the quantity of i 
steel produced annuallv by this process corresponding to a 
technique already optimized (size of the appliances, 
recuperation of heat or gas, etc.). This process can be 
characterized by the unitary coefficients of consumption of 
each of the products considered: 
Minerals Scrap iron Coke Coal Gas Fuel Electricity 
The total requirements of these products for steel production 
can be deduced from this, taking into account the production 
of steel xi by each of the processes i: 
mineral requirements: C ai Xi I 
i 
scrap iron requirements: 1 bi xi . 
i 
The iron and steel section of the substitution model will 
be written taking into account explicitly the equipment. 1 6  
a) Constraints 
- satisfaction of the steel requirement A: xi > A; 
1 
- limitation due to the availability of 
products (facultative) 1 ai. xi 5 M for example 
i 
where M is the availability of minerals; 
- limitation due to the capacity: xi 5 Ci + Xi where 
Xi is the unknown capacity of the equipment i and 
Ci its original capacity. 
6 ~ h e  mathematical expression, given here, is not 
indexed by the time for reasons of simplification. 
b) Objective Function 
If Pa,Pb, ..., Pg are the prices of.the different products 
used with Ci the variable exploitation costs of the process 
i, and Ii its unitary investment cost integrating the amount 
of fixed costs after discounting, then the function of the 
costs to be minimized can be written: 
This formulation17 is elementary, simplistic even. It could 
be improved eventually, by allowing certain substitutions 
between combustibles, by integrating the possibility of 
choice for the year of dismantling, but also by using the 
integer programming, which would allow one to abstract the 
hypothesis of the perfect divisibility of the iron and steel 
equipment which is possible because of the importance and the 
differences of the unitary sizes of the different equipment. 18 
C) Simplified schema of the processes to be noted 19 
js as follows: 
17~he scrap iron injected during the production of steel 
by the different processes comes from the rolling wastes (60%). 
This scrap iron should be considered differently from that 
bought on the market. 
18The optimal size of the direct reduction gas equipment 
is one million tonnes per year compared with the three to five 
million tonnes of the classic reduction coke equipement. 
''The information used to illustrate this paragraph was 
taken from a study of B. Lapillonne, "Analyse des Besoins 
dlEnergie de Branches Industrielles Fortement Consommatrices," 
IREP, January 1975. The sources of information have been the 
publications of the IRSID and the Chambre Syndicale de la 
SidQrurgie. 
1 )  Classic Blast Furnace Process 
il 
minerals 
hyat 
furnace iron d 
qas F. smelting of 
-scrap iron 
2) and 3) Direct Reduction HYL and MIDREX 
pre-reduced 
minerals+ 
'l' heat 
natural gas scrap 
iron 
4) Electric Scrap Iron Furnace 
iron 
T 
We note that other processes will be usable though they are 
not yet perfected for industrial use: 
- the SLRN processes, whose reduction stage uses 
solid reducers, even poor reducers (lignite, peat, 
vapor coal) and which can be applied to poor 
minerals; 
- other processes of direct reduction (FIOR and 
Purofer processes); the FIOR process uses 
hydrogen as the reducing agent; 
- electro reduction by small furnaces which 
is not considered economical. 
The characteristics of these processes could aid the 
eventual construction of a submor3el of .this type. These 
characteristics are given in quantities of products 
necessary for the production of one tonne of steel, 
presupposing the introduction of scrap iron, and therefore, 
cast iron (or pre-reduced minerals), for the production of 
one tonne of steel (see Table 4). 
This approach can be generalized to other large energy 
consumer industries and to the transport sector. Since it 
is not necessary here to define the optimal structure of 
each of these different branches, the formulation can 
remain relatively simple (see Table 5) . 
2.2 The Thermal Uses of the Other Consumer Sectors 
In other industrial sectors and in the tertiary and 
domestic sectors, the different consumption processes 
designed to satisfy the requirements of a particular "form 
of energy" and defined from the moment of purchasing the 
energy agent are represented by a succession of operations 
whose yields depend on the layout and design of the 
consumer equipment. 
T a b l e  4 .  
"Corresponds t o  t h e  t r e a t m e n t  o f  r i c h  m i n e r a l s .  
Z 
P r o c e s s  
I 
C l a s s i c  11 ) 
I- - 
1 2 )  
I 
HY L 
MIDREX 
S c r a p  I r o n  
E l e c t r i c  
Furnace  
L I Corresponds t o  t h e  t r e a t m e n t  of poor  m i n e r a l s .  
3  I n  t h e  c l a s s i c  p r o c e s s ,  up t o  290 kg o f  s c r a p  i r o n  c a n  be  i n t r o d u c e d .  I t  is a  f u n c t i o n  o f  
t h e  s c r a p  i r o n  market  and ,  i n  1973, s e t t l e d  a t  t h e  150 kg l e v e l .  On t h e  o t h e r  hand f u e l  
i n j e c t i o n s  a r e  v a r i a b l e .  The r a t e  a t  t h e  moment v a r i e s  between 48 and 54 kq o f  f u e l  p e r  tonne  of 
steel. Th = therms = 105 b t u .  
4  
The i n v e s t m e n t  c o s t s  a r e  g i v e n  i n  f r a n c s  p e r  tonne  i n s t a l l e d  (breakdown f o r  t h e  
p r o c e s s ) :  B l a s t  f u r n a c e :  220 F / t  c a s t  i r o n ;  S t e e l  works: 180 F / t  s t e e l ;  Raw M a t e r i a l  S t o r e  and 
I n f r a s t r u c t u r e :  150 F / t .  
Minera l s  
by q u a n t i t y  
o f  i r o n  
c o n t a i n e d  
850 kg 
-- 
730 kg 
730 kg 
- 
Source :  The work of B. L a p i l l o n n e  ( s e e  f o o t n o t e  n i n e t e e n  a b o v e ) .  
S c r a p  
I r o n  
150 kg 
300 kg 
300 kg 
1 ,000 kg 
Coke + F u e l  
(kg)  3 ,  
31 5  
- - - - - - -  
350 
- 
- 
- 
c o a l 3 )  
( t h )  
360 
- _ - _  
1,240 
t h  
- 
- 
- 
 as^) 
( t h )  
3,400 
2,835 
- 
A 
Elec .  
(kwh) 
125 
160 
600 
744 
600 
Cost  o f  4 )  
inves tment  
550 F / t  
405 F / t  
395 F / t  
200 F / t  
Labor c o s t  
? 
7.5 F / t  
3-4 F / t  
? 
Table 5. Examples of the rival processes in some sectors.') 
OUTPUTS PROCESSES 
Bauxite - electrolysis 
of aiumina 
Aluninun Bauxite - electrolysis of aluminum 
chloride 
Nepheline electrolysis 
of alumina 
Recycling of aluminum 
wastes 
REMARKS 
Dominant process 
(15,000 kwh/t, 
7,000 th/t) 
ALCOA process 
under experiment 
(12,500 kwh/t) 
Process used in 
socialist countries 
Process only using 
1,000 th/t 
Clinker production by 1,400 - 1,500 th/t 
wet process (variation clinker 
Cement of the additives) ) 
Clinker production by 850 th/t clinker 
dry process (variation 
of the additi~es)~) 
Rivalry between many Mechanical paste: 
Paper kinds of paper paste 1,200 kwh/t kraft 
using varying degrees paste: 8 t vapor/t 
of energy 700 kwh/t 
Electrolysis using 4,000 kwh/t 
Chlore mercury 
Electrolysis using a 3,300 kwh/t 
diaphragm 
I Metropolitan - 
railway electricity 
Urban 
passenqer Bus (carburants) 
transport Private (carburants, Taking into account 
electricity) social costs 
Railway (electricity, Taking into account 
Intercity distillates) infrastructure costs 
passenger Private car 
transport (carburants) 3, 
I Airplane (kerosene) 
Railway (electricity) Eventual limitation of 
Internal ~ road Waterways (distillates) ~ ~ ~ ~ ~ ~ t ~ n : ~  ~ ~ ~ ~ ~ ~ : r ~ ~ e  
haulage Road (diesel oil) infrastructure costs. 
 he information in the first part of this table is taken from 
the work of B. Lapillonne, see footnote nineteen above. 
2)~he additives (slag, etc.) which can constitute up to 40% of 
the cement allow the economizing of the energy necessary to produce 
the part of the clinker which they replace. 
3)~ifferent horse powers could eventually be allowed for. 
a) Take, for example, the vapor-uses in a large 
fabrication group: this group requires a certain amount of 
heat between 3 0 0 ~ ~  and 4 0 0 ' ~  which corresponds to the level 
of consumption to be satisfied. To supply this heat there is 
a succession of equipment: the burner, the boiler, the heat 
exchangers and the pipes. This corresponds to the following 
group of operations: 
1) the transformation of the energy agent (here the 
combustible) into heat by combustion in the 
burner; 
2) the transfer of this heat to the transport vector, 
constituted by water vaporization from 
raising the water's temperature in a 
boiler; 
3 )  the transport of this heat by the "vapor" vector 
in the boiler pipes to the technical installations; 
and 
4) the circulation of this heat in the pipes of the 
installations which use it, which heat should 
create and maintain a given temperature: 
vapor , 
/ 
agent burners Boilers transport real require- 
ment of 
thermal 
energy 
b) The heating of buildings can be represented 
schematically in the same way replacing the vector "vapor" 
by the vector "water" (or "air"). However, it is 
necessary to differentiate between the different buildings 
(rural house, town house, block of flats) and between the 
different kinds of heating, which are characterized by the 
distances covered by the heat carrier (for example, 
individual central heating, collective heating, urban 
heating) . 
In order to simplify the representation of these two 
cases, .- it is possible to consider only three operations by 
grouping together the first two (burners and boilers). 
Type 1: 
E l  
purchase of-agent vector+trarlsport of+vector+ins- 
the energy transfer tho vector tallations 
agent transfer 
C) In the case of oven uses (glasswork furnaces, 
drying, cooking ovens, etc.) , no vector is used, the thermal 
energy being transfered directly from the energy agent to 
the oven either on the inside or through the walls. There 
remain therefore only two operations. 
Type 2: 
El 
energy agent --$ supplying of heat-) transfer of 
(combustion, resistance) heat to the 
oven 
A yield for each operation is defined as the ratio of the 
quantity of energy out to the quantity of energy in: 
- utilization yield for the first operation of the 
two types of chain; 
- transport yield for the second operation of the 
first type; 
- adequate yield for the last operation of both types. 
This la.+ter, which is characteristic of the technical 
installations used, is defined as being the ratio of the 
fti.ndamenta1 requirements of the "form of energy" considered 
for the quantity of this "form of energy" brought by the vector 
in the first case or reaching the product to be heated in 
the second case. These fundamental requirements are more or 
less easy to define in industrial uses: they correspond to 
the quantity of energy necessary to create and maintain a 
given temperature in order to operate, for example, the 
drying, the cooking or the distillation of different 
products. They are more difficult to specify in the case of 
heating buildings: they do correspond to the same function 
of creating and maintaining a certain temperature in the 
buildings. On the one hand, the level of this temperature 
depends on the habits of comfort and, on the other hand, the 
quantity of energy to be provided depends on the volume of 
the buildings to be heated and their insulation. Because of 
this, we will define the fundamental requirements in certain 
very precise conditions (temperature level and volume of the 
given buildings at their maximum degree of insulation). 
These simplifying representations could be considered 
elementary compared to the much more complex technical 
reality. Perhaps there could be reason to provide for other 
types of chains (for the successive uses of heat or mixed 
production vapor--electricity for example). Perhaps it will 
be necessary to refine the notion of the fundamental 
requirements of calorific energy of the different consumers 
in so far as this requirement, as it is defined here at 
the end of each chain, depends on the level of the known 
technologies; the future levels taken here could therefore 
be open to important variations due to technological 
innovations not accounted for. But here the objective is to 
define a forii~alized approach to the energy demand which is 
operational, and this consequently introduces simplifications. 
Armed with these schemata, it is possible to represent 
the different processes which could be used to satisfy the 
same uses in certain rival domains of the industrial sectors 
and the tertiary and domestic sectors, a domain consisting 
essentially of thermal uses. A formalization, made possible 
by this representation, will be used to improve the example 
of domestic heating.20 The requirement of heat for 
domestic heating should be disaggregated by type of 
habitation (rural habitation, town habitation) and 
accommodation type (detached house, block of flats) in order 
to specify on the one hand the volume of the accommodation 2 1 
and the maximum degree of insulation22 and on the other hand 
the heating processes which could be employed23 (see Table 6 ) .  
It is possible to multiply indefinitely the kinds of 
accommodation and heating. The different possibilities for 
improving burner regulation, boiler design, heat 
recuperation from smoke, pipe lagging, and building insulation 
should reduce the number of processes, but remain to be 
taken into account for any given process. To limit the 
dimensions of the program, it is necessary to simplify keeping 
two or three processes corresponding to a series of 
improvements coherent within themselves (a conception optimal 
for all the processes against two other conceptions) or 
supposing, for example, a uniform insulation without 
possibility of improvement. 
20~he analytical approach to the evolution of domestic 
heating requirements has been developed with the help of an 
elementary simulation by B. Chateau, "Pr6vision 2 Long 
Terme de la Demande dfEnergie Finale pour le Chauffage 
Domestique," Grenoble, June 1974. 
21~etached houses generally have a greater volume than 
apartments in blocks of flats. 
2 2 ~ h e  degree of insulation depends on the number of 
outside walls; a detached house has five, an apartment in a 
block of flats has from one to four. 
2 3 ~ t  is only possible to use urban heating for blocks 
of flats or for private houses in urban zones above a certain 
threshold density. 
Table 6. Example of disaggregation. 
Habitation I 
rural 
detached 
house 
Accommodation 
combustibles 
urban 
Method of 
Heating 
1 detached 1 see rural 
Energy Agent 
house 1 habitation I lina 1 low-density I 
urban 7 
suburban 
zone) I 
detached 
house (-in 
high-density 
zone) 
room heating electricity or 
combustibles I 1  ( central heating ( combustibles 1 
urban heating 
collective combustibles 
heatinq 1 
electricity or 
combustibles 
geothermic refuse 
residual heat2) 
urban 
/-eating see above -1 
",his excepts heavy fuel oil. 
block of 
flats 
2)~his comes from Power stations on the outskirts of towns. 
3)It is only possible to use urban heating in blocks of 
flats or in houses in urban zones of density above a certain 
threshold level. 
room heating 
central heating 
electricity or 
combustibles3) 
combustibles3) 
However, here we only describe a simplified, unique 
formulation of urban heating of an apartment in a block of 
flats, which can be inserted in the following way in the 
schema of the heating of the latter (see Figure 1). This 
formulation explicitly takes the equipment into account. 
In the representation, the urban power station is assumed 
polyvalent and of optimal design, the lagging and the 
distance of transport the same. 
Let 
r1 be the burner-boiler group yield; 
r2 be the transport yield; 
rjl be the adequation yield of apartments 
isolated one way; 
rj2 be that of apartments isolated a second way. 
Let 
x1,x2,...,x12 be the flux following the lines; 
C1,C2,C31,C32 be the original capacities; 
X1,X2,X31,X32 the capacities created between the 
original date and the date under 
consideration. 
The constraints are: 
- the capacity of the urban power station: 
x 0 -  < C  1 + X I ;  
- the capacity of the transport network: 
X1 + X2 + X8 ' C2 + X2; 
- urban power station balance: 
xg = rl (x3 + x4 + x5 + x6 + x,); 
central transport 1 two types of insulation 
heating 
--- - - 
collective 
I 
Figure 1. 
- transport balance: 
- 
x9 + xl0 - r2 (xl + x8 + x9); 
- balance of accommodation, insulation No. 1: 
X - 1 1  - r31 ' X9; 
- balance of accommodation, insulation No. 2: 
- 
X12 - r32 ' X1O; 
- capacity of the accommodation group, 
insulation No. 1 : 
X11 5 C3i + X3i; 
- capacity of the accommodation group, 
insulation No. 2: 
Xl2 < C32 + X32; 
- statisfaction of the heat requirements B: 2 4 
x1 + x12 > B; and 
- eventual availability limitations: 
- of geothermic heat (Dl ) : 
XI < Dl; 
- of power station residual heat (D2): 
x2 < D2; 
2 4 ~  being the total heat requirements of collective 
accommodation (flats) if all the modes of collective 
heating of blocks of flats were taken into account here, 
the heat flux which they would procure would be taken into 
account in this constraint. Also it is necessary to be 
precise in that the thermal capacities C31 + X31 and 
C32 + X32 should be evaluated in effective therms; in order 
to do this: the fundamental heat requirements necessary for 
a standard volune accommodation are to be multiplied by the 
total number of No. 1 or No. 2 type insulated accommodation. 
- of waste (D3) r 
X3 2 "3 - 
The objective function is 
where, 
ci is the cost of the different energy agents; 
11,12,131 ,IJ2 are the unitary investment costs. 2 5 
From this short example, it is easy to generalize to 
the whole of the heating methods and, more generally, to 
the whole of the thermal uses. It is to be emphasized that, 
as in the iron and steel example, it is assumed that the 
consumer is optimizing behavior (minimizing cost with a given 
production objective). This behavior, by definition 
rational, is not necessarily unrealistic, especially insofar 
as it concerns industrial or collective choices (infrastructure 
of construction transport, of accommodation, etc.). 
This is not the case when it comes to arbitrating 
between the possible forms of energy at the final demand 
level especially in the domain of domestic heating; for 
example, the heating costs are seen differently by those 
who build the accommodation and those who live in it, the 
ones being interested in the installation costs and the 
others in the operating costs (cost of maintenance and 
combustibles). Faced with this difficulty, it is possible 
to take refuge behind the normative signification of the 
methodology (which is the best choice for the community?) 
eventually adapting tile rigidity of this approach by 
introducing premiums to allow for the psychological 
preferences. For example, private cars and integrated 
2 5 ~ 3 1  and 132 correspond uniquely to the insulation 
costs. 
electric heating have an implicit value due either to the 
present social values in France, or to the impact of 
advertising, or other equally diverse factors. 
The energy consumption submodel will therefore 
consist of a group of subprograms, each one corresponding 
to a consumer type and or a well-defined type of use. 2 6 
These will be only indirectly connected between themselves. 
Only the heat recuperation and mixed vapor electricity 
production are likely to create direct interdependences 
between certain of them. 
There will be two ways in which indirect connections 
will be established: 
1 )  when the prediction for the parameters of future 
levels of fundamental energy requirements or 
"form of energy" demand27is established. In fact, 
it is necessary that there is a mimimum of 
coherence between these different provisions which 
will be established according to a hypothesis of 
the development of economic activity, the standard 
of living or the quantity of products requiring a 
large amount of energy which are imported already 
half-finished. 
2) when the prices of the energy agents sold by the 
producing sector to the consumer sector are 
defined. These prices form the connection 
26The specific uses (i .e. the specific domains of one 
unique consumption process and one unique energy agent) 
which cannot he optimized are excluded from the submodel. 
27~his is the production level of larqe energy consumer 
sectors, the effective thermal energy requirements of other 
sectors, and the electricity requirements in captive uses. 
between the optimization submodel of the 
producing sector28 and the optimization submodel 
of the energy agent consumption processes. At the 
global production-consumption program optimum, 
they constitute the equilibrium price between the 
supply and demand of these economic goods, and are 
fixed according to their marginal production costs. 
The consumption submodel data will be made up by the 
technical-economic characteristics of the different equipment 
or techniques (yields, existing capacities, costs) as well 
as by the provisions of fundamental requirements. There is 
no reason to underestimate the practical difficulties of 
grouping together the data of one or another type (for 
example if the optimization period is long, what happens to 
the cost of the new technique which could be used?). 
Establishing the analytical type of provisions remains the 
major difficulty, especially since the disaggregation of 
the energy statistics used at the present time does not in 
any way enable the fundamental requirements, as they have 
been defined here, to be found. However, it will not be an 
impossible task if the elaboration of the general plans of 
the economy give a middle or long-term provision of the 
economic activity of the different sectors. Apart from this 
possibility, it is possible to appeal to the different 
alternative methods such as employing input-output matrices 
or systems analysis. 
The first method (input-output) presents many 
deficiencies due to its inadaptability to a prospective 
middle- or long-term use (constancy of the interindustrial 
coefficients) or because of the incoherence between this 
method and an analytical approach to the consumption 
submodel. The second method would, on the other hand, 
28~ee the introduction. 
allow the definition of hypotheses coherent for the 
definition of parameters which characterize the environment 
of the system to be optimized2' and which would show 
themselves to be more adapted to the remoteness of the 
optimization horizon. 
The proposed formulation has been developed in a more 
or less elementary way in the optimization models of the 
energy sector existing at the present time, as was noted in 
the introduction. The models for the Eastern European 
countries are better perfected at this level, which is not 
accidental as can be seen by taking into account the existence 
of global plans which are disaggregated by branches, and 
this favors obtaining the required data. But these 
attempts enable one to form an idea of what could be done 
in the way previously described and they suggest, at least in 
a simplified way, that this approach is viable. 
Conclusion 
There are many reasons to think that the method of 
optimization of energy consumption processes removes the 
difficulties associated with prediction only to replace them 
at the level of fundamental requirements (output production, 
"forms of energy" demand). Certainly one must not 
underestimate the difficulties, but this method has the 
advantage of avoiding simple extrapolation from the past, a 
framework which is completely unsuited to the provision of 
energy later than 1980 to 1985. 3 0 
29~or example, there is reason to establish hypotheses 
coherent between economic development, the economic 
"tertiarization" phenomena, the industrial structure changes 
(importence of basic industries, etc.) and the importations 
of half-f inished products. 
30~ee for example,"Bilans Energgtiques ~r6visionnels 
Etablis par le Commissariat Ggneral du Plan et la Dglggation 
Generale 5 llEnerqie," March 1974: "Rapport du Conseil 
Economique et social," Journal ~fficiei; 25, Annexe 9, 10 
(24 Septembre 1974), 1307. 
Paths of Energy Consumption for 
the Twenty-First Century 
J. R. Frisch 
The energy crisis has provoked at least one clear result: 
it is making people and experts think about the evolution of 
the long range growth in energy needs. At ~lectricitg de 
France, we are used to dealing with this kind of concern. 
Already by 1971-1972, we had tackled this problem for a very 
practical reason: we had to decide whether to stay at the 
present level of the European interconnected electrical network 
(380 kv) or to switch to 765 or 1,100 kv voltage level to meet 
the possible growth of electricity demand. 
To answer this question, we had to estimate how the 
electricity consumption could evolve in the long run (say by 
the mid twenty-first century); but first we had to get an idea 
of the level of total energy consumption at that time. Now 
before we continue, I think that here some reference works 
could help us to make a few points. 
1 . Reference Works 
Messrs. Weinberg and Hamrnond have assumed that per capita 
energy consumption in an advanced civilization could reach 
twenty kilowatts-thermal, i.e. twenty tonnes coal equivalent 
(tce)/year (or some 560 million BTU/year and that this could 
apply to a world population of fifteen billion people. 
Fremont Felix proposes from his view point, ten tce/pc-year 
in 2030 and twenty-five tce/pc-year in 2100 as a world mean 
level for energy consumption. Some Polish experts suggest a 
maxinlum level Of twenty-two tce/pc-year. 
Thus, a consensus among experts exists at around 
twenty to twenty-five tce/~c-~ear in the very long run. As the 
present mean world level is around two tce/pc-year, it may be 
realized how long the way to go is. Only an exponential 
growth path during a long period could meet this proposed 
level. It means also that every man will someday reach the 
American level of energy consumption of the year 2000; this 
is what we could call the "railway theory" where all trains 
are supposed to pass by the same station but at different 
times. Behind this idea, we see the postulate of the 
universal spread of the American way of life. 
There is another danger in this kind of assumption. 
When one multiplies this level of energy consumption by the 
possible world population, as Weinberg does, one has to face 
a world consumption of about 300 billion tce a year, and one 
comes quickly to a terrific picture when it is assumed that 
this will be provided only by nuclear energy. Far from 
allowing a sound appreciation of the long range difficulties, 
this opens the way to reflections leapfrogging ahead over 
time and forgetting the regulating capacity of the systems 
and all the necessary transitions between the present 
situations and the possible doom of tomorrow. 
2. An Alternative Proposal 
We decided to examine a less brutal evolution for a 
society more sensitive to the environmental constraints and 
to the conservation of energy. We proceeded by way of 
analytical approach. 
In the residential sector, the most comfortable solution 
in the USA leads to 24,000 kwh a year (golden medal of 
electrical heating), i.e. eight tce per dwelling or about 
2.5 tce/pc-year (3.3 tce/pc-year in 1 971 ) . 
In France, with insulation standards, we can hopefully 
limit consumption to 15,000 kWh a year, i.e. 1.5 tce/pc-year. 
Possible development of solar energy would bring this level 
back to one tce/pc-year of commercial energy. 
In the tertiary sector (commercial, public services and 
offices), we think that the difference from the present 
American level will be of the same order of magnitude aa 
observed for the residential sector. Even if, tomorrow, 
people spend more time outside their homes (than today), they 
will probably consume no more energy for comfort, eating or 
entertaining in the place where they work or entertain or 
travel than at home. Even if the tertiary sector tends to 
occupy a more important part in production in the 
industrialized societies, it will be relieved by a quaternary 
sector (electronics, information, leisure) with low energy needs. 
Let us take one tce/pc-year for this sector (1.6 in the USA 
in 1971). 
Transportation is the sector where waste is the most 
obvious. A clear preference for mass transportation and the 
application of new technologies (such as fuel-cell batteries) 
would lead to a greater efficiency in energy utilization. 
Moreover, the compact geographical density in Europe promotes 
a lesser consumption: 1.5 tce/pc-year seems reasonable 
(0.6 today compared with 2.5 for the USA). 
In industry, two evolutions work in opposite directions: 
- on the one hand, the physical depletion of some raw 
materials will induce additional energy consumption 
(e.g. recycling, waste processing); 
- on the other hand, a profound change in the 
international division of labor could profit both 
the industrialized nations and the third world. 
The mig ra t ion  of  manpower based i n d u s t r i e s  toward raw- 
m a t e r i a l  sou rces  i n  the t h i r d  world w i l l  undoubtedly f a v o r  
some k ind  of t a k e o f f  i n  t h e s e  r e g i o n s .  I n  f a c t ,  i n  t h e  long  
run ,  t h e  main energy consuming i n d u s t r i e s  w i l l  c e r t a i n l y  
develop  f a s t e r  i n  t h e  developing  c o u n t r i e s  t han  i n  Western 
Europe. So, we could  a g r e e  on a f i g u r e  o f  t h r e e  tce/pc-year  
( a g a i n s t  two i n  France  and fou r  i n  t h e  USA i n  1 9 7 1 ) .  
A l l  i n  a l l ,  w e  would o b t a i n  seven tce/pc-year  a s  a f i n a l  
consumption e s t i m a t e ,  i.e. about  e i g h t  tce/pc-year  f o r  t h e  
primary consumption a g a i n s t  t h i r t e e n  i n  t h e  USA and f i v e  
i n  Europe today.  Th i s  l e v e l  o f  e i g h t  tce/pc-year  (32,000,000 
BTU/pc-year o r  t e n  tce/pc-year  a l l owing  f o r  t h e  u n c e r t a i n t y  
of  t h e  f o r e c a s t )  could  b e  t aken  a s  a world ave rage  l e v e l  of 
energy consumption i n  t h e  long run .  C l e a r l y ,  t h i s  would be  a 
compound of  energy l e v e l s  q u i t e  d i f f e r e n t  from one coun t ry  t o  
t h e  o t h e r ,  accord ing  t o  c l i m a t e ,  way and speed o f  development, 
and SO on. But t h e  q u e s t i o n  remains,  how do w e  r each  t h i s  
p o s s i b l e ,  s t a b i l i z e d  l e v e l ?  
3. Some Pa ths  f o r  F u t u r e  Energy Consumption 
L e t  u s  suppose t h a t  a l l  t h e  consumptions t e n d  toward t h e  
long range  l e v e l  ( e i g h t  t o  t e n  tce /pc?year )  set f o r  a n  advanced 
c i v i l i z a t i o n .  The pa ths  t o  t h i s  l e v e l  would c e r t a i n l y  be  q u i t e  
d i f f e r e n t .  Some c o u n t r i e s  have a l r e a d y  gone beyond t h i s  l e v e l  
(e.9. North America); some a r e  drawing nea r  qu i ck ly  
(Eas t e rn  Europe) o r  r a t h e r  qu i ck ly  (Western Europe) ;  some 
s t i l l  remain ve ry  f a r  behind ( t h e  t h i r d  wor ld ) .  So, i f  most 
of t h e  t h i r d  world c o u n t r i e s  could  hope t o  r each  t h i s  l e v e l  
from below, t h e  developed r e g i o n s  a r e  probably bound t o  r each  
it from above. 
Consequently,  one may t h i n k  of  t h r e e  p o s s i b l e  p a t t e r n s  
f o r  t h e  long range:  t h e  cont inuous  exponen t i a l  growth ( t e n ,  
twenty,  t h i r t y ,  f o r t y  t ce /pc -yea r ) ;  t h e  asymptot ic  e v o l u t i o n  
where t h e  s t a b i l i z e d  l e v e l  is reached p r o g r e s s i v e l y  from 
below; and t h e  "hump" phenomenon where t h e  p r e s e n t  speed of  
development is such that before the pace can be slowed down, 
the consumption has gone too far and must subsequently be 
diminished to the stabilized level (see Figure 1). 
This "hump" theory is interesting because it takes 
firmly into account the inertia effects which rule energy life. 
These time constraints originate from three reasons: 
1) lead time to adapt supply to demand (five to seven 
years to build a thermal plant; seven to ten years 
to develop an oil field); 
2) time to implement novel technologies (twenty-five 
years before nuclear energy enters the industrial 
picture) ; 
3) time lags embodied in the equipment and in the 
way to use energy (fifteen years for heavy industrial 
processes; thirty years for a central heated system 
in a house). 
All those too-often-forgotten constraints slow down the 
possible substitutions, and the adaptation of the energy system 
can only come in stages. This can be seen in the present 
forecasts: in the USA, the lowest forecast for the year 2000 
rises to eighteen tce/pc-year; in the USSR, it rises to over 
thirteen tce; for Eastern Europe it rises to over ten tce; 
already it is projected as 8.5 tce for Ehe FRG in 1985. We 
clearly note that a good number of countries are doomed to 
the "hump" situation. 
Even France which has in this matter the advantage of 
starting with one of the lowest energy consumptions among 
industrialized countries (five tec/pc-year) would have many 
difficulties in reaching the projected level (eight to ten 
tce/pc-year) from below. 
Starting in France, from about 265 million tce in 1975, 
we set a reference forecast at 395 million tce for 1985 and a 
recent target at 360 million tce. This means slowing 
down from a past rate of growth of 5% a year to 3% only 
between 1975 and 1985. There is no official forecast beyond 
1985 as of today. ~ u t  we may contemplate various evolutions 
to get finally to eight tce/pc-year in 2050 which, multiplied by 
the possible 90,000,000 French inhabitants, would lead to 
720 million tce (which was the previous forecast for the 
year 2000). 
It may be noted that there is only one way to reach this 
level asymptotically from below. That one goes through the 
government's preassigned goal in 1985 and assumes a very 
strict and conservationist policy beyond (2%, I%, 0.6% 
per year). All the other hypotheses would lead past the 
reference level. But at any rate this goes to show that the 
French energy consumption will certainly never exceed 
one billion tce in the long run. 
As regards electricity, even if someday it comes to 
represent two-thirds of the total demand energy (which could 
reach 800 or 1,000 million tce in the very long range], the 
generation would amount to a mere 1,600 to 2,000 TWh a year 
when we expect about 900 TWh in the year 2000. 
4. Conclusion 
A) On the practical problem, first: from our results, 
we decided to postpone the decision to switch to a higher 
voltage level for the electrical grid as the demand for 
power in the mid twenty-first century will likely remain in 
the same range as the one predicted for the year 2000. 
Accordingly, it seems preferable to moderate the movement to 
higher voltage levels. 
B) More generally, it is possible to appreciate the 
portents of various strategies: either you believe in a 
continuous extrapolation of the present growth rates which 
lead quickly to twenty to thirty to forty tce/pc-year or you 
b e t  on a  p o s s i b l e  long  range  s t a b i l i z a t i o n  o f  demand around 
e i g h t  t o  t e n  tce/pc-year .  
But even  i n  t h i s  l a t t e r  c a s e ,  d u r i n g  a  f i r s t  p e r i o d ,  
l e t  u s  s a y  a t  t h e  t u r n  o f  t h e  c e n t u r y ,  t h e  ongoing r a t e  of 
development and t h e  weigh t  o f  t ime  c o n s t r a i n t s  a r e  such  t h a t  
you may e a s i l y  be  l e d  beyond t h i s  l e v e l  b e f o r e  you can  come 
back t o  it from above. 
On a  world s c a l e ,  it i s  an  e n t i r e l y  d i f f e r e n t  p r o s p e c t  
t o  f a c e  some day an  annua l  energy  demand of 300 b i l l i o n  t c e  
( a s  Weinberg s a y s ) ,  l i a b l e  t o  keep on growing,  o r  t o  have 
t o  supp ly  a  demand which anyhow i s  i n t ended  t o  cu lmina t e  
around e i g h t y  t o  100 b i l l i o n  t c e .  And t h i s  means t h a t  t h e  
s l o p e  w i l l  remain s t e e p  till t h e  yea r  2000 b u t  beyond t h e  
growth r a t e  cou ld  slow down q u i c k l y .  
There  is  t h u s  a  problem of immediate r e s p o n s i b i l i t y  f o r  
t h e  i n d u s t r i a l i z e d  n a t i o n s .  From now on ,  t h e y  must 
s i mu l t aneous ly  o r g a n i z e  t h e  means t o  m e e t  t h e  f u t u r e  growth 
of demand and t o  t a k e  measures  t o  keep it w i t h i n  d e s i r a b l e  
bounds ( t h u s  l e a v i n g  t o  t h e  t h i r d  world t h e  f o s s i l  e n e r g i e s  
t h e y  need i n  any c a s e ) .  T h i s  is a  way t o  work toward a  
l a s t i n g  appeasement and a  g e n e r a l  s t a b i l i t y  ex t remely  
v a l u a b l e  f o r  t h e  world system. (See F i g u r e s  1 t o  5 f o r  world 
p e r  c a p i t a  energy  consumption and f o r  p r o j e c t i o n s  of ~ r e n c h  
energy  consumption. ) 
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Figu re  1 .  Evolu t ion  o f  t h e  world energy 
consumption mean l e v e l  p e r  
c a p i t a .  
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F i g u r e  2.  P r o j e c t i o n  o f  t h e  t o t a l  pr imary 
e n e r g y  consumption i n  F r a n c e .  . 
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Figure 4 .  Projectioil  of  the  t o t a l  primary 
energy consumption i n  France. 
F i g u r e  5. P r o j e c t i o n  o f  t h e  t o t a l  p r i m a r y  
e n e r g y  consumpt ion  p e r  c a p i t a  
i n  F r a n c e .  
The Demand for Energy in private Households in Austria 
G. Tintner and Gabriele WorgGtter 
This study on the demand for energy in private house- 
holds in Austria is based on the consumption from 1958  to 
1 9 7 2 ,  of coal, electricity, natural gas, and light fuel 
for home heating, plus gasoline for private transportation. 
In the following notes, only those equations which yielded 
plausible results are recorded. Most estimates are 
provisional and have to be refined by further investigations. 
Autocorrelation, multicollinearity and simultaneous 
relations may be the cause of biased estimates. 
Abbreviations Used in the Study 
Y 
HGT 
KF Z 
DHR 
B 
G 
s 
H 
K 
PB 
PG 
PS 
PH 
P K 
... Real disposable income, 
... Temperature-index, 
... Number of cars, 
... Average cylinder capacity of cars, 
... Demand for petrol, 
Demand for natural gas, 
Demand for electricity, 
Demand for oil for heating, 
Demand for coal, 
Price of petrol, 
Price of gas (natural), 
Price of electricity, 
Price of oil for heating, 
Price of coal. 
~ l l  variables (annual data 1958-72) are transformed into 
logarithms. The estimated regression coefficients are 
elasticities. The numbers in brackets below are the 
standard errors of the coefficients. R is the multiple 
correlation coefficient. DW is the Durbin-Watson ratio. 
Demand for Coal 
K = 4.425 - 0.787Y - 2.729PK + 1.269HGT 
(0.112) (0.201) (0.709) (0.447) 
R = 0.817 
DW = 2.108 (1 
Income-elasticity is negative, that is coal is an 
inferior good. The elasticities are significant (at 5%) 
and have the expected signs. The price-elasticity seems 
high. This could be explained through the fact that coal 
is mainly used by poorer people who decrease consumption 
as prices rise. 
The HGT-elasticity is highly significant, that is 
consumers change coal consumption according to changing 
temperature. (This is the case only for coal and not for 
other energy forms.) Price and income elasticities are 
significant. 
Demand for Electricity 
S = 1.898 + 1.847Y - 0.663PS 
(0.030) (0.171) (0.306) 
R = 0.998 
DW = 1.590 
All coefficients are significant, and the elasticity 
of income is high. (The increasing amount of electric 
equipment raises the consumption of electricity more than 
proportional to income .) 
Demand f o r  N a t u r a l  Gas 
G = f(Y,PG,HGT): ( 1 )  G = 13.021 + 0.160Y - 5.757PG + 0.158HGT 
(0 .293)  (1 .658)  (3 .277)  ( 1 . 2 2 4 )  
R = 0.911 
D W =  0.899 ( 3 )  
The s i g n s  o f  t h e  c o e f f i c i e n t s  a r e  good ,  b u t  some o f  
t hem a r e  n o t  s i g n i f i c a n t .  
Demand f o r  H e a t i n g  O i l  
H = -8.639 + 4.402Y - 1.194PH + 0.977PG 
( 0 . 1 5 9 )  (1 .211)  (0 .318)  (1 .977)  
R = 0.986 
DW = 2.056 ( 4 )  
The e l a s t i c i t y  o f  income i s  a g a i n  v e r y  h i g h ,  b u t  
s i g n i f i c a n t .  The p r i c e - e l a s t i c i t y  o f  o i l  f o r  h e a t i n g  i s  
s i g n i f i c a n t  t o o  a n d  h a s  a  r e l i a b l e  v a l u e  (-1 - 2 ) .  The c r o s s  
p r i c e - e l a s t i c i t y  o f  n a t u r a l  g a s  i s  n o t  s i g n i f i c a n t ,  b u t  h a s  
t h e  e x p e c t e d  s i g n .  
C o n c l u s i o n s  
Coal: The b e s t  r e s u l t s  a r e  w i t h  t h e  s i m p l e  e q u a t i o n s ,  
t h a t  i s  t h o s e  e q u a t i o n s  which  h a v e  o n l y  a  f e w  v a r i a b l e s .  
Of t h e  o t h e r  p r i c e s ,  o n l y  t h a t  o f  n a t u r a l  g a s  h a s  t o  b e  t a k e n  
i n t o  c o n s i d e r a t i o n ;  t h e  o t h e r s  h a v e  no  i n f l u e n c e  o n  t h e  
c o n s u m p t i o n  o f  c o a l .  C o a l  i s  t h e  o n l y  m a t e r i a l  whose 
demand is e s s e n t i a l l y  i n f l u e n c e d  by c h a n g e s  o f  t e m p e r a t u r e .  
I n  a l l  c a s e s  o n e  h a s  t o  k e e p  i n  mind t h a t  c o a l  is  m a i n l y  
u s e d  by p o o r e r  p e o p l e  a n d  s o  h a s  some p e c u l i a r i t i e s .  
E l e c t r i c i t y :  Aga in ,  we h a v e  t h e  b e s t  r e s u l t s  w i t h  t h e  
s i m p l e  e q u a t i o n s  wh ich  h a v e  o n l y  a  f e w  v a r i a b l e s .  W e  h a v e  
t o  m e n t i o n  t h a t  h e a t i n g  o i l  a n d  c o a l  p r i c e s  are more 
i m p o r t a n t  t h a n  t h e  p r i c e  o f  n a t u r a l  g a s .  
Natu ra l  ga s :  The e s t i m a t e s  of t h e  demand f o r  n a t u r a l  
ga s  a r e  ex t remely  d i f f i c u l t  t o  make because n a t u r a l  ga s  was 
i n c r e a s i n g l y  used by t h e  p u b l i c  g a s  company. Therefore  we 
have a  s t r o n g  b i a s  which f i n d s  i t s  expres s ion  i n  t h e  
e s t i m a t e d  equa t ion .  We propose t o  t r y  a n  equa t ion  
inc lud ing  a  dummy v a r i a b l e .  For a l l  t h e s e  r ea sons  one 
cannot  g i v e  d e f i n i t e  conc lus ions ,  b u t  a t  l e a s t  it i s  
p o s s i b l e  t o  s ay  t h a t  o t h e r  p r i c e s  have a  l a r g e  i n f l u e n c e  on 
t h e  demand f o r  n a t u r a l  g a s .  
O i l  f o r  hea t ing :  I n  a l l  c a s e s  we have ve ry  h igh ,  b u t  
-- 
f a i r l y  s i g n i f i c a n t  i ncome-e l a s t i c i t y .  Probably it i s  
impor tan t  t h a t  t h e  number of c e n t r a l - h e a t i n g  app l i ances  
usin.g o i l ,  which on ly  well-to-do people  can  a f f o r d ,  i nc reased  
Even s o ,  t h e  i ncome-e l ec t r i c i t y  seems t o o  h igh .  The 
p r i c e - e l a s t i c i t y  of o i l  f o r  h e a t i n g  has  r e l i a b l e  va lues .  
Among t h e  o t h e r  p r i c e s  mainly t h a t  of c o a l  is  impor t an t ,  
a l t hough  t h e  c r o s s  p r i c e - e l a s t i c i t y  of c o a l  seems a  l i t t l e  
b i t  t o o  high.  One can  s e e  t h a t  t h e  p r i c e  of o i l  ha s  a  b i g  
i n f l u e n c e  on t h e  demand f o r  o i l .  The p r i c e s  of n a t u r a l  ga s  
and e l e c t r i c i t y  a r e  n o t  very  impor tan t  f o r  t h e i r  demand. 
The P e t r o l  Model 
1  ) T h e o r e t i c a l  
KFZ = aY + bKFZ-l ... 
DHR = dDHR-l + eBP + fY + g  ... (6) 
The equations (5)-(7) are the structural equations 
of the model. The equations (5) , (6) and (8) are given in 
reduced form. 
2) Empirical 
Logarithmic Transformation 
All variables (annual data 1956-72) have been 
transformed into logarithms. The coefficients are 
therefore the estimations of the elasticities. 
DHR = 1.4 + 0.788DHR-1 - 0.017BP + 0.071Y 
The estimated equation has the following form 
(indirect method of least squares): 
Interpretation 
The direct income-electricity is very low (0.06). 
Rising income first increases the number of vehicles, and, 
with an increase in the number of cylinders (the DHR), the 
consumption of petrol. With these variables constant, 
changes in income have little influence on the demand for 
petrol. The price-elasticity is very low because petrol 
is a necessity. One has to take into consideration that 
DHR has a great influence on the consumption of petrol. 
Long-Term Tendency of Energy Demand and Supply 
in the Federal Republic of Germany 
F. Hoffmann 
Introduction 
For the energy economy and energy policy, it is important 
to estimate future development in the denand for energy and 
the possibilities of meeting this demand for both the medium 
and the long term. This has been made obvious especially 
by the recent development ,of world-wide and regional 
energy markets. 
We are attempting by means of a model study to analyze 
the important factors that influence energy demand of the 
Federal Republic of Germany and to quantify the effects up 
to the year 2000. The intention was to estimate both the 
total demand for primary energy and the contribution to be 
rendered by individual energy sources which seemed to be even 
more important. Our investiqations in the model study have not 
yet been completed so that today we can only report on our 
principal procedure and first results. 
1. Prognosis of the Demand for Primary Energy in the 
Federal Republic of Germany up to the Year 2000 
1.1 Analysis and Prognosis of the Factors of Influence 
As to the factors which influence the demand for 
primary energy in the Federal Republic of Germany, we were 
less concerned about taking all interrelationships into 
consideration than investigating the most important 
components with regard to their influence on the demand for 
primary energy. 
The development of the. population has a direct and an 
indirect influence on energy consumption. However, the 
number of persons is less decisive for direct influence 
than the number of households. Thus, a proportionality 
between the population and energy consumption cannot be 
assumed a priori. Rather an increase in the population 
could lead to a less-than-proportional increase in energy 
consumption, and vice versa: in any case, the effects come 
only with a considerable time lag, namely at a time when 
the number of households decreases on account of the reduced 
number of births. 
The development of population has an indirect 
influence, via economic growth, on energy consumption. 
A reduction of the population has effects on private 
demand and, thus, also on economic growth and energy 
consumption. The same applies in reverse for an increase in 
population. 
With regard to economic development there should also 
be a rather close relationship between the development of 
the gross national product and the growth of primary energy 
consumption. However, a difference should be made in this 
respect insofar as the different economic branches show 
different growth trends. 
The diversity of energy intensity in the various 
economic branches is of consequence for the development of 
the energy demand. In all industrial sectors, a further 
increase in labor productivity can be expected, and this 
should result in a positive influence on the energy 
consumption. 
In addition to the factors mentioned so far, which 
could be dealt with here only very briefly, we investigated 
effects from possible actions using energy more economically 
and rationally. The quantitatively most important effects 
should occur in the "household" and "small consumers" 
sectors (by proper heat insulation, more modern heating 
s y s t e m s ,  e tc . )  . S m a l l e r  p o s s i b i l i t i e s  f o r  s a v i n g  e n e r g y  
a r e  t o  be  e x p e c t e d  i n  t h e  " t r a n s p o r t a t i o n u  and " i n d u s t r i a l "  
s e c t o r s ,  where  e s s e n t i a l  q u a n t i t i e s  o f  e n e r g y  c o u l d  b e  saved  
o n l y  by improving t h e  e f f i c i e n c y  o f  e n e r g y  u t i l i z a t i o n  and 
by c o u p l i n g  t h e  power and h e a t  g e n e r a t i n g  p r o c e s s e s .  
Seen a s  a whole ,  l a r g e r  q u a n t i t i e s  o f  e n e r g y  c o u l d  be  
saved  i n  n e a r l y  a l l  s e c t o r s  by p u r p o s e f u l  a c t i o n s  f o r  a  
r a t i o n a l  and more economic u s e  o f  e n e r g y  i n  t h e  medium t o  
l o n g  t e r m .  A q u a n t i f i c a t i o n  o f  s u c h  s a v i n g s  a p p e a r s  t o  b e  
d i f f i c u l t .  As f o r  t h e  magni tude o f  s u c h  s a v i n g s  it c o u l d  
be  presumed t h a t  a b o u t  t h i r t y  t o  f i f t y  m i l l i o n  t o n n e s  of 
h a r d  c o a l  e q u i v a l e n t  ( tce)  c o u l d  b e  saved  u p  t o  1985,  i .e. 
5% t o  10% of  t h e  o r i g i n a l  consumption o f  p r i m a r y  e n e r g y .  Up 
t o  t h e  y e a r  2000 s a v i n g s  i n  t h e  r a n g e  o f  15% t o  20%, c o r r e -  
spond ing  t o  150 t o  250 m i l l i o n  tce, a r e  f e a s i b l e .  However, 
it i s  s t i l l  u n c e r t a i n  whe ther  t h e  s a v i n g s  t h a t  a r e  t e c h n i c a l l y  
f e a s i b l e  w i l l  b e  b e n e f i c i a l  f o r  t h e  economy a s  a  whole.  Like-  
w i s e ,  a compar i son  between t h e  p r o f i t a b i l i t y  o f  c a p i t a l  i n -  
v e s t m e n t s  f o r  i n c r e a s e d  e n e r g y  p r o d u c t i o n  and t h e  p r o f i t a b i l i t y  
o f  more e f f i c i e n t  u t i l i z a t i o n  o f  e n e r g y  i s  d i f f i c u l t .  
1.2 E s t i m a t e s  o f  t h e  Consumption o f  P r imary  Energy 
F i r s t  c a l c u l a t i o n s  w i t h  t h r e e  d i f f e r e n t  s c e n a r i o s  re- 
s u l t e d  i n  f i g u r e s  f o r  t h e  consumption o f  p r i m a r y  e n e r g y  
between 690 and  990 m i l l i o n  tce f o r  t h e  y e a r  2000. Such 
v a l u e s  c o r r e s p o n d  t o  a v e r a g e  a n n u a l  g rowth  r a t e s  between 
2.5% and  3.9% f o r  t h e  p e r i o d  1975 t o  2000. The e s t i m a t e  
c o n s i d e r e d  by u s  t o  have  t h e  h i g h e s t  p r o b a b i l i t y  r e s u l t e d  
i n  a  consumption o f  p r imary  e n e r g y  o f  790 m i l l i o n  tce f o r  
t h e  y e a r  2000. Compared w i t h  p r o g n o s e s  drawn 'up b e f o r e  t h e  
s o - c a l l e d  o i l  crisis,  which a r r i v e d  a t  f i g u r e s  o f  1 ,000 
m i l l i o n  tce and more, o u r  f i g u r e s  imply a  n o t a b l e  s low down 
of  t h e  p r e v i o u s  g rowth  r a t e s .  On t h e  a v e r a g e ,  t h e  consumption 
o f  p r i m a r y  e n e r g y  a c c o r d i n g  t o  o u r  i n v e s t i g a t i o n s  would grow 
by a b o u t  3% a n n u a l l y  a s  a g a i n s t  4.6% i n  t h e  p e r i o d  1950 t o  
1973 ( s e e  T a b l e  1 ) .  
Table 1. Development of the GNP and PEC 1975 to 2000. 
Scenario 
- - 
I I1 111 
GMP (billions of dollars) 
1975 225 225 225 
1985 3 20 336 302 
2600 497 600 438 
GNP/capita (thousands of 
dollars) 
1975 3.7 3.7 3.7 
1985 5.3 5.4 5.2 
2000 8.2 9.6 7.7 
Primary Energy Consumption 
(million tonnes coal 
equivalent) 
1975 3 76 376  37 6 
1985 530 565 495 
2000 790 990 690 
Primary Energy Consumption 
per capita (tonnes coal 
equivalent) 
1975 6.1 6.1 6.1 
1985 8.8 9.1 8.5 
2000 13.2 15.8 12.2 
I 
2. E l e c t r i c i t y  Genera t ion  i n  t h e  FRG 
I n  o r d e r  t o  d e t e r m i n e  t h e  c o n t r i b u t i o n s  o f  t h e  
i n d i v i d u a l  energy  s o u r c e s ,  we i n v e s t i g a t e d ,  b e s i d e s  t h e  
e n t i r e  demand f o r  p r imary  energy ,  t h e  demand f o r  e l e c t r i c i t y .  
W e  a r r i v e d  a t  t h e  r e s u l t  t h a t  t h e  growth r a t e s  o f  t h e  demand 
f o r  e l e c t r i c i t y  should  b e  lower  t h a n  supposed p r i o r  t o  t h e  
" o i l  c r i s i s . "  I n  accordance  w i t h  t h e  s c e n a r i o s  i n v e s t i g a t e d ,  
we found v a l u e s  between 5% and 6.5% p e r  annum f o r  t h e  p e r i o d  
1973 t o  2000 which a r e  stil l  c o n s i d e r a b l y  above t h o s e  f o r  
t h e  consumption o f  p r imary  e n e r g y .  I n  o r d e r  t o  f i n d  o u t  t o  
what e x t e n t  t h e  i n d i v i d u a l  energy  s o u r c e s  w i l l  p a r t i c i p a t e  i n  
c o v e r i n g  t h e  demand f o r  e l e c t r i c i t y ,  we a n a l y z e d  t h e  s i t u a t i o n  
o f  s u p p l y  from t h e  v i e w p o i n t  o f  t h e  F e d e r a l  Republ ic  o f  Germany 
f o r  e a c h  i n d i v i d u a l  energy  s o u r c e .  W e  t h e n  found,  cor respon-  
d i n g  t o  t h e  a l t e r n a t i v e s  i n v e s t i g a t e d ,  t h e  r e s u l t s  shown i n  
T a b l e  2. 
Tab le  2. E l e c t r i c i t y  g e n e r a t i o n  i n  t h e  FRG i n  t h e  y e a r  2000. 
' ) p r e l i m i n a r y .  
( S c e n a r i o  I )  
Nuc lear  
L i g n i t e  
Gas 
O i  1 
Hard Coal  
O t h e r  
T o t a l  
1974') 
TWh 
12.1 
81.2 
54.5 
31.1 
96 - 5  
36.3 
311.7 
2000 
Terawat t -hour  M i l l i o n  Tonnes 
(1012 Kwh) Coa l  E q u i v a l e n t  
650 
6  0  
7  0  
7  0  
400 
50 
1,300 
200 
2  0  
2  0  
2  0  
125 
1 5  
400 
We f o r e s e e  t h a t  nuclear  energy w i l l  be t h e  most important  
f u t u r e  energy source  f o r  e l e c t r i c i t y  gene ra t ion .  However, t h e  
r o l e  of nuc lea r  energy should n o t  be over-est imated.  We e s t i -  
mate nuc lea r  energy w i l l  gene ra t e  50% of t h e  e l e c t r i c i t y  and 
28% of t h e  primary energy.  Thus, more than  70% of t h e  energy 
needed f o r  primary energy consumption and 50% of t h e  energy 
needed f o r  t h e  gene ra t ion  of  e l e c t r i c i t y  must come from con- 
ven t iona l  energy sources .  A s  a whole, 1,300 Twh w i l l  be 
genera ted  i n  t h e  year  2000 from 400 m i l l i o n  t c e .  
3 .  The Future  Con t r ibu t ions  of Ind iv idua l  Energy Sources 
A s  f o r  t h e  convent ional  energy sources ,  n a t u r a l  g a s  w i l l  
r each  i t s  maximum wi th  about  100 m i l l i o n  t c e  a t  t h e  beginning 
of  t h e  n i n e t i e s  and then  go back again  t o  about  e i g h t y  m i l l i o n  
t c e  by t h e  year  2000 due t o  t h e  l ack  of a v a i l a b i l i t y .  A s  r ega rds  
c rude  o i l ,  i t s  a v a i l a b i l i t y  should a l s o  p l ay  an  important  p a r t  
s o  t h a t  its consumption w i l l  have t o  be l i m i t e d  t o  c e r t a i n  
s e c t o r s .  Therefore,  t h e r e  w i l l  be wide p o s s i b i l i t i e s  of ex- 
pansion f o r  hard c o a l  by t h e  end of t h i s  cen tu ry ,  wi th  new 
t echno log ie s  ( g a s i f i c a t i o n  and l i q u e f a c t i o n  of c o a l  f o r  e l e c -  
t r i c i t y  gene ra t ion  a s  we l l  a s  f o r  t h e  h e a t  market) presumably 
ga in ing  i n  importance ( s e e  Table 3 ) .  
Table 3 .  Cont r ibu t ions  of energy sources  t o  primary 
energy consumption (Scenar io  I )  . 
6 10 t c e  
Nuclear 
L i g n i t e  
Gas 
O i l  
Hard Coal 
Other 
T o t a l  
1974 
a c t u a l  
4.1 
35.2 
46.5 
188.3 
82.7 
9.0 
365.8 
1985 2000 
P r o j e c t i o n s  
75 
3 6 
9 5 
222 
90 
12 
530 
225 
3 5 
8 0 
264 
175 
15 
794 
A 
4. Model Calculations 
According to the ffrst results of our model calculations, 
it became evident that nuclear energy and hard coal should be 
the main stays of future energy supplies to the Federal Repub- 
lic of Germany. Above all, these trends appear to be realistic 
since : 
- the total energy demand will probably increase 
further; 
- effects from saving energy should not be over-esti- 
mated, especially as regards their economic 
feasibility; 
- new energy sources will not be able to render an 
important contribution up to the year 2000; 
- nuclear energy has a wide potential of development, 
although it has considerable problems; 
- hard coal still has large reserves; and 
- crude oil and especially natural gas will be 
available only to a limited extent. 
Discussion 
Hamilton 
Points of interest to me were the estimates of energy savings 
for France, the FRG, and Japan, and through the discussion it 
might be interesting to investigate the differences between these 
various estimates. For example, in the paper by Morin it was 
suggested that the possible reduction in demand by 1985 compared 
with previous forecasts was in the range of 15% to 2574, and I 
think that elsewhere in the paper the range of 20% to 25% was 
suggested. But in the paper on the FRG, the comparable figure, 
at least I think it is comparable, was somewhat less, 5% to 10% 
of consumption of primary energy in 1985, and I got the impression 
from Hoffmann's comments that was considered to be a technical 
possibility. It would be interesting to investigate the difference 
between the two countries. 
On the same point, in the case of energy demand in Japan, 
the little bit that I could pick up from the presentation was 
that the estimates of total primary energy consumption for 1980 
and 1985 were somewhat higher than some estimates that were made 
at the OECD, but I could not yet calculate how much reduction that 
involves compared with previous growth. 
I was very interested in the paper by Finon. I myself have 
a great deal of sympathy with such a linear programming approach. 
As he pointed out, it is a normative approach and it can yield 
estimates, independent of econometric approaches, of the possi- 
bilities for economizing on energy in the future. I think it 
would be most interesting to see the estimates that would emerge 
from this particular approach and compare them with estimates 
from econometric approaches. 
Finally I have a few comments on the paper by Tintner and 
Wgrgotter. The basic comment I have here is I think that equations 
of this sort do not yield very good estimates of the overall 
reduction in energy consumption as opposed to the substitution 
of one form of energy for another. Just to give an example, 
I noticed in a couple of equations, in particular for coal, that 
the cross-elasticity coefficients were greater than the own price 
coefficients. This would suggest that if you have a 10% increase 
in the price of both coal and oil that you would end up with an 
increase in total energy consumption rather than a reduction. I 
would question whether this is plausible. A way to avoid this 
dilemma--following a suggestion made by Waverman and used in his 
own work--is to estimate theequations for different fuels simul- 
taneously so that the cross-elasticity coefficients in the dif- 
ferent equations are consistent with each other. 
Taylor 
Let me direct a question especially to the French and 
British representatives: In the United States there is at pres- 
ent a great deal of interest in peak-load pricing, and we are 
interested in knowing how households respond to differential 
prices at different hours of the day. Do the French or English 
have anything on the price elasticity of household demand for 
electricity at different hours of the day? 
3 . 3  North America and Others 
R e s i d e n t i a l ,  Commercial and I n d u s t r i a l  Demand 
For  Energy i n  Canada: 
P r o j e c t i o n s  t o  1985 With Three  A l t e r n a t i v e  Models 
M. F u s s ,  R. Hyndman, and L. Waverman ' 
1 . I n t r o d u c t i o n  
The e f f e c t  o f  r e l a t i v e  p r i c e s  on t h e  demand f o r  e n e r g y  
h a s  n o t  o f t e n  been t a k e n  i n t o  a c c o u n t  i n  p r o j e c t i o n s  of  f u t u r e  
e n e r g y  r e q u i r e m e n t s .  The u s u a l  p r o c e d u r e  i s  e i t h e r  t o  e x t r a p -  
o l a t e  p a s t  t r e n d s  o r  t o  assume f i x e d  p r o p o r t i o n s  between e n e r g y  
and some measure  o f  e x t r a p o l a t e d  o u t p u t  o r  income. A n o t a b l e  
e x c e p t i o n  is t h e  work o f  Hudson and Jorgenson  [ I l l  i n  t h e i r  
p r o j e c t i o n s  f o r  t h e  U n i t e d  S t a t e s  t o  t h e  y e a r  2000. 
How i m p o r t a n t  i s  t h e  e x c l u s i o n  o f  r e l a t i v e  p r i c e  e f f e c t s ?  
I n  o r d e r  t o  a n a l y s e  t h i s  problem we p r e s e n t  t h r e e  a l t e r n a t i v e  
p r o j e c t i o n s  t o  1985 of  e n e r g y  demand f o r  t h e  Canadian r e s i d e n -  
t i a l ,  commercial  and  i n d u s t r i a l  s e c t o r s .  The f i r s t  two pro-  
j e c t i o n s  c o r r e s p o n d  t o  t h e  "na ive"  e x t r a p o l a t i o n  methods o u t -  
l i n e d  above.  The t h i r d  p r o j e c t i o n  i s  computed from demand 
models  i n c o r p o r a t i n g  t h e  e s s e n t i a l  e l e m e n t s  o f  microeconomic 
demand t h e o r y  ( h e r e a f t e r  c a l l e d  t h e  micro-demand m o d e l s ) ,  
which were e s t i m a t e d  by t h e  a u t h o r s  (see Fuss  e t  a l .  [ E l )  f o r  
Canada. Regiona l  d a t a  f o r  t h e  y e a r s  1960-71 were used  i n  a  
poo led  the-series c r o s s - s e c t i o n  economet r ic  e s t i m a t e  p roce-  
d u r e .  These micro  demand models i n c o r p o r a t e  t h e  r e l a t i v e  p r i c e  
e f f e c t s  r e q u i r e d  f o r  t h e  c o m p a r a t i v e  s i m u l a t i o n s .  
' ~ h i s  paper  summarizes and e x t e n d s  a  s t u d y  (see Fuss  
e t  a l .  [81)  u n d e r t a k e n  f o r  t h e  F e d e r a l  Canadian Department o f  
Energy, Mines and Resources .  The v i e w s  e x p r e s s e d  h e r e  a r e  n o t  
n e c e s s a r i l y  t h e  views of  t h i s  Department.  Any e r r o r s  o r  omis- 
s i o n s  a r e  t h e  f a u l t  of  t h e  t h r e e  a u t h o r s .  
I11 : ; ? - t i o n  2, d i s c u s s i o n s  of t h e  energy d a t a  base i n  
Canada and an o u t l i n e  of t h e  changing p a t t e r n s  of  energy use  
du r ing  t h e  yea r s  1958-71 a r e  presented .  Sec t ion  3 c o n t a i n s  
a summary of t h e  models used i n  t h e  p r o j e c t i o n s .  Sec t ion  4 
summari>e,r- t h e  es t imated  s t r u c t u r e s  of t h e  micro-demand models 
and Sec t ion  5, t h e  p r i c e  and s u b s t i t u t i o n  e l a s t i c i t i e s  de r ived  
from t h i s  s t r u c t u r e .  I n  Sec t ion  6 t h e  p r o j e c t i o n s  a r e  compared 
and evalua ted .  
2 .  Data Base and P a t t e r n s  of Use 
2.1 Data Base 
A c o n s i s t e n t  s e t  of d a t a  on Canadian energy consumption 
i s  a v a i l a b l e  only  f o r  t h e  per iod  1958-1971 ( s e e  [ 1 4 ] ) .  With 
such a s h o r t  t ime per iod ,  aggregate  economy-wide e s t i m a t e s  
could no t  be made and a r e g i o n a l  c r o s s  s ec t ion / t ime  s e r i e s  
model was used. These d a t a ,  a l though i n t e r n a l l y  c o n s i s t e n t ,  
a r e  s u b j e c t  t o  a number of l i m i t a t i o n s ,  t h e  most important  of 
which a r e  o u t l i n e d  i n  t h i s  s e c t i o n .  
Sepa ra t e  models f o r  r e s i d e n t i a l ,  commercial and i n d u s t r i a l  
s e c t o r s  were de r ived  s i n c e  each of t h e s e  s e c t o r s  were expected 
t o  c o n t a i n  a r e l a t i v e l y  homogeneous popula t ion  wi th  r e s p e c t  t o  
energy use .  However, Canadian energy consumption d a t a  is c o l -  
l e c t e d  on t h e  b a s i s  of " r a t e t 8  ca t egory  r a t h e r  t han  u l t i m a t e  use .  
Therefore ,  i n d i v i d u a l  households a r e  " r e s i d e n t i a l "  u s e r s  under 
t h i s  r a t e -ca t egory  d e f i n i t i o n ,  and s o  a r e  sma l l  commercial and 
i n d u s t r i a l  customers. Large m u l t i p l e  r e s i d e n t i a l  dwel l ings  on 
s i n g l e  meters  (gas  o r  e l e c t r i c i t y )  f a l l  under t h e  commerical 
r a t e  ca t egory ,  a s  do medium-sized commerical concerns (banking, 
i n su rance ,  r e a l  e s t a t e ,  r e a l  and wholesale t r a d e ,  o f f i c e  
b u i l d i n g s ) ,  government bu i ld ings ,  and urban t r a n s i t  systems. 
C l e a r l y ,  t h i s  method of c o l l e c t i o n  p l ays  havoc wi th  t h e  conven- 
t i o n a l  microeconomic d e f i n i t i o n s  of end use .  I t  i s  p a r t i c u l a r l y  
s e r i o u s  wi th  r e s p e c t  t o  t h e  model f o r  commercial demand. The 
i n d u s t r i a l  s e c t o r  is represented  i n  t h i s  paper by manufacturing.  
For manufacturing,  t h e  above problem does n o t  e x i s t  s i n c e  energy 
consumption c a n  b e  o b t a i n e d  from t h e  Genera l  Review of  
Manufac ture rs  [15] .  While t h i s  e l i m i n a t e s  t h e  problems of 
r a t e  c l a s s i f i c a t i o n ,  o n l y  purchased  f u e l  i s  i n c l u d e d  and c o r -  
r e c t i o n s  must b e  made f o r  f u e l  produced on s i t e  (own g e n e r a t i o n  
o f  e l e c t r i c i t y ,  f o r  example) .  
Many of t h e  p r i c e s  used were i m p l i c i t  p r i c e s ,  t h e  a v e r a g e  
c o s t  p e r  energy  u n i t ,  o b t a i n e d  by d i v i d i n g  t o t a l  s e c t o r a l  ex- 
p e n d i t u r e  on a  p a r t i c u l a r  f u e l  by t o t a l  q u a n t i t y  consumed. I n  
t h e o r y ,  when d e c l i n i n g  r a t e  s c h e d u l e s  o r  q u a n t i t y  d i s c o u n t s  
e x i s t ,  t h e  m a r g i n a l  p r i c e  i n  t h e  marke t  i s  t h e  a p p r o p r i a t e  
p r i c e .  I m p l i c i t  p r i c e s  a r e  c a l c u l a t e d  from a m i x t u r e  o f  s p o t  
p u r c h a s e s  and l o n g  term p u r c h a s e s  and may b e a r  l i t t l e  resem- 
b l a n c e  t o  m a r g i n a l  p r i c e s .  
I n  t h e  c a s e s  o f  two f u e l s - - n a t u r a l  g a s  and e l e c t r i c i t y - -  
t h e  p u r c h a s e r  f a c e s  a  downward s l o p i n g  a v e r a g e  p r i c e  s c h e d u l e .  
The combina t ion  of b o t h  a  commodity ( f i x e d )  c h a r g e  and a  runn ing  
c h a r g e  r e s u l t s  i n  a v e r a g e  p r i c e  f a l l i n g  a s  u s e  rises. I t  i s  
n o t  n e c e s s a r i l y  t r u e  t h a t  t h e  f a l l  i n  t h e  a v e r a g e  p r i c e  induced 
t h e  i n c r e a s e  i n  consumption. For  r e s i d e n t i a l  u s e r s  t h e  r a t e  
s c h e d u l e s  f o r  most electric and n a t u r a l  g a s  u t i l i t i e s  have been 
c o l l e c t e d  i n  o r d e r  t o  e s t i m a t e  m a r g i n a l  p r i c e s  ( o r  a v e r a g e  
p r i c e s  f o r  a  s p e c i f i c  vo lume) .  
2 .2  P a t t e r n s  o f  Consumption 
T a b l e s  1  and 2 d e t a i l  t h e  changing  p a t t e r n  o f  energy  de- 
mand e x p e r i e n c e d  i n  Canada i n  t h e  s h o r t  p e r i o d  of  t h i r t e e n  
y e a r s  (1958 t o  1 9 7 1 ) .  
2 .2 .1  The D i s t r i b u t i o n  of  Energy Types Between S e c t o r s  
From T a b l e  1 ,  it i s  e v i d e n t  t h a t  i n  t h i s  p e r i o d ,  c o a l  u s e  
h a s  s h i f t e d  from t h e  r a i l  and domes t ic  m a r k e t s  t o  t h e  i n d u s t r i a l  
marke t .  S i n c e  t o t a l  c o a l  BTU's ( c o a l ,  coke  and coke  o v e r  g a s )  
f e l l  a b s o l u t e l y  by 47%, t h e  s h i f t  i n  u s e  r e f l e c t s  a  s m a l l e r  
-
d e c r e a s e  i n  t h e  i n d u s t r i a l  market  t h a n  i n  o t h e r  marke t s .  


The major  change i n  o i l  p r o d u c t s  u s e  is  i t s  d e c l i n i n g  
importance i n  t h e  r e s i d e n t i a l  s e c t o r ,  and i n c r e a s i n g  impor- 
t a n c e  i n  t h e  commercial s e c t o r  ( a g a i n ,  r e f l e c t i n g ,  i n  p a r t ,  
t h e  c l a s s i f i c a t i o n  of m u l t i p l e  r e s i d e n c e  u s e  t o  t h e  commercial 
s e c t o r )  . 
A s  a p e r c e n t a g e  o f  t o t a l  n a t u r a l  g a s  consumed, t h e  r e s i -  
d e n t i a l  s e c t o r  u s e  f a l l s  from 37.7% i n  1958 t o  21% i n  1971. 
T h i s  s h i f t  c o r r e s p o n d s  p a r t i a l l y  t o  t h e  s h i f t  i n  g a s  s u p p l y .  
I n  1958, n a t u r a l  g a s  was main ly  consumed i n  t h e  two w e s t e r n  
p r o v i n c e s ,  a c h i e v i n g  a v e r y  h i g h  p e n e t r a t i o n  r a t e  i n  t h e  re- 
s i d e n t i a l  market .  A s  g a s  supply  was made a v a i l a b l e  i n  e a s t e r n  
Canada a f t e r  1960, t h e  r e s i d e n t i a l  market  became a r e l a t i v e l y  
less i m p o r t a n t  marke t ,  r e f l e c t i n g  t h e  c o n c e n t r a t i o n  o f  i n d u s t r y  
i n  t h e  e a s t .  
Wi th in  t h e  e l e c t r i c i t y  m a r k e t ,  t h e  r e s i d e n t i a l  s e c t o r  u s e  
i n c r e a s e d  from 18.5% i n  1958 t o  22% i n  1971, p r i m a r i l y  d u e  t o  
i n c r e a s e d  u s e  of e l e c t r i c a l  a p p l i a n c e s .  For  t h e  commercial  
s e c t o r  t h e  d o u b l i n g  of  i t s  impor tance  i n  t h e  e l e c t r i c i t y  market  
(from 11 .3% t o  22.5%) i n  t h i r t e e n  y e a r s  is  a r e s u l t  o f  sub- 
s t a n t i a l  growth i n  apar tment  and o f f i c e  s p a c e .  
2.2.2 The D i s t r i b u t i o n  of  Energy Types Within a S e c t o r  
Coa l  r e p r e s e n t e d  o n l y  1 %  of r e s i d e n t i a l  BTU consumption 
i n  1971 a s  compared t o  n e a r l y  20% i n  1958. The n a t u r a l  g a s  
s h a r e  a l m o s t  doubled  o v e r  t h e  p e r i o d  t o  n e a r l y  24% p a r t i a l l y  
d u e  t o  s e r v i c e  e x t e n s i o n s  t o  e a s t e r n  Canada. The r e l a t i v e  
c o n s t a n c y  of  t h e  o i l  s h a r e  i n  t h e  r e s i d e n t i a l  marke t  f o r  1958 
and 1971 masks s u b s t a n t i a l  changes  i n  market  s h a r e  f o r  p a r t i c -  
u l a r  o i l  p r o d u c t s .  Kerosene ' s  s h a r e  o f  r e s i d e n t i a l  f u e l  market  
dropped by f i v e  p e r c e n t a g e  p o i n t s  w h i l e  e a c h  o f  t h e  o t h e r  t h r e e  
o i l  p r o d u c t s  i n c r e a s e d  i t s  s h a r e  by s e v e r a l  p e r c e n t a g e  p o i n t s .  
The s h a r e  of e l e c t r i c i t y  i n  t h e  r e s i d e n t i a l  s e c t o r  i n c r e a s e d  
from 9% t o  15%. E l e c t r i c  h e a t i n g  was s t i l l  a minor s h a r e  of 
t h e  home h e a t i n g  marke t  i n  1971; t h u s ,  a s  i n d i c a t e d  above ,  t h e  
i n c r e a s e  i n  e l e c t r i c i t y  u s e  came a b o u t  t h r o u g h  t h e  i n c r e a s e d  
u s e  of e l e c t r i c  a p p l i a n c e s .  
Within t h e  commercial s e c t o r ,  t h e  d e c r e a s e  i n  c o a l  u s e  
was s u b s t a n t i a l ;  it dropped from 21.7% of t h e  s e c t o r ' s  t o t a l  
BTU consumption i n  1958 t o  1 . 1 %  i n  1971. T h i s  marke t  s h a r e  
was c a p t u r e d  mainly by t h e  two f o s s i l  f u e l s .  The n a t u r a l  g a s  
s h a r e  i n c r e a s e d  by 50% and t h e  o i l  and o i l  p r o d u c t s  s h a r e  by 
22%. 
The major  s h a r e  changes  between 1958 and 1971 i n  t h e  i n -  
d u s t r i a l  s e c t o r  o c c u r r e d  i n  c o a l  and n a t u r a l  g a s .  The f o r m e r ' s  
s h a r e  f e l l  from 42.1% of t h e  market  t o  15.5%; t h e  l a t t e r ' s  
s h a r e  c o r r e s p o n d i n g l y  i n c r e a s e d  from 1 8 - 2 5  t o  31.9% of  indus-  
t r i a l  f u e l  u s e .  There  were s l i g h t  i n c r e a s e s  i n  t h e  s h a r e  of 
o i l  p r o d u c t s  i n  t h i s  p e r i o d ,  and a s m a l l  d e c r e a s e  i n  t h e  
e l e c t r i c i t y  s h a r e .  2 
3.  The Models 
3.1 Micro Demand Models 
Two models which u t i l i z e  t h e  p o s t u l a t e s  o f  micro-economic 
demand t h e o r y  were used t o  e s t i m a t e  t h e  p r i c e  r e s p o n s i v e n e s s  
of energy  demand. These models ( t h e  t r a n s l o g  and l o g i t  spec-  
i f i c a t i o n s )  a r e  o u t l i n e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  
3.1.1 The T r a n s l o g  3 
For  t h e  i n d u s t r i a l  s e c t o r ,  a modi f ied  t r a n s l o g  model was 
e s t i m a t e d .  W e  assume t h a t  a p r o d u c t i o n  f u n c t i o n  e x i s t s  of t h e  
f  o m  
tr his d e c r e a s e  i s  l a r g e l y  a s t a t i s t i c a l  a r t i f a c t .  The 
d a t a  r e f e r r e d  t o  i n  t h e  t a b l e  i n c l u d e  o n l y  purchased  electric-  
i t y ,  e x c l u d i n g  t h e  own g e n e r a t o r  of e l e c t r i c i t y  by i n d u s t r i a l  
cus tomers .  I n  t h e  e s t i m a t i o n  of o u r  micro  demand model a num- 
b e r  of c o r r e c t i o n s  a r e  made t o  i n c l u d e  own e l e c t r i c i t y  genera -  
t i o n .  
3 ~ h i s  s e c t i o n  is  a condensed summary of t h e  c o n c e p t s  under-  
l y i n g  o u r  a p p l i c a t i o n  of t h e  t r a n s l o g  model. For  a d e t a i l e d  
d e r i v a t i o n  of t h e s e  c o n c e p t s  see F u s s  [7 ] .  
where 
Q = gross output, 
E = energy input, 
L = labour input, 
M = materials input, and 
K = capital input. 
If we assume cost minimizing behaviour and exogenous 
factor prices and output levels, the theory of duality implies 
that there exists a unique representation of the underlying 
technology in the form of a cost function. 
where C is total cost and pi is the factor price (see Diewart 
151 1 .  
A translog function which provides a second order approx- 
imation to (2) and does not impose homotheticity on the produc- 
tion structure is 
log C = a. + X ai In pi + a In Q + X C yij In pi In pj Q i j 
Cost minimization with optimization errors implies 
where i indexes the factor of production, j indexes the region 
and t indexes time. Sijt is the cost share of the ith factor 
in the total cost of production. 
I m p o s i t i o n  o f  t h e  a d d i n g  up c r i t e r i o n  and t h e  p r o p e r t i e s  
of n e o c l a s s i c a l  p r o d u c t i o n  t h e o r y  l e a d s  t o  t h e  f o l l o w i n g  con- 
s t r a i n t s  b e i n g  imposed on t h e  sys tem of  e q u a t i o n  ( 4 ) .  
H YiQ = 0 t (add ing  up)  
C y i j  = 0 ( z e r o  homogeneity i n  p r i c e s )  
j 
- 
Y i j  'ji i f j  (symmetry) 
The e r r o r  t e r m  ( u i j t )  i n  ( 4 )  i s  n o t  l i k e l y  t o  b e  randomly 
d i s t r i b u t e d .  W e  h y p o t h e s i z e  t h a t  it c o n s i s t s  of two a d d i t i v e  
components:  ,Iij which i s  c o n s t a n t  o v e r  t i m e  b u t  d i f f e r s  between 
r e g i o n s  and f u e l s ,  and E~~~ which i s  random w i t h  z e r o  e x p e c t a -  
t i o n .  I n  a d d i t i o n ,  we assume t h a t  e r r o r  t e r m s  from d i f f e r e n t  
f a c t o r  demand e q u a t i o n s  a r e  u n c o r r e l a t e d ,  t h a t  i s ,  
E ( u i j t I 2  = E ( E ~ ~ ~ ) ~  = u when i = j 
= 0 when i f j 
E q u a t i o n  ( 4 )  t h e n  t a k e s  t h e  form: 
Si j t  = ( a i  + ,I. . )  + 1 Y K j  I n  P K j t  + Y i Q  I n  Qij t  + E i j t  
K 
( 7 )  
which i s  e s t i m a t e d  by g e n e r a l i z e d  l e a s t  s q u a r e s  ( t o  c o r r e c t  
f o r  h e t e r o s k e d a t i c i t y )  w i t h  i n d i v i d u a l  f a c t o r ,  r e g i o n  c o n s t a n t  
t e r m s .  
E q u a t i o n  ( 7 ) ,  e s t i m a t e d  s u b j e c t  t o  ( 5 )  and (61,  p r o v i d e s  
t h e  demand s t r u c t u r e  f o r  t h e  f o u r  a g g r e g a t e  i n p u t s :  c a p i t a l ,  
l a b o u r ,  m a t e r i a l s  and energy  ( t h e  KLEM model ) .  
I n  a d d i t i o n ,  a subaggregate energy model i s  developed 
( t o  provide t h e  demand s t r u c t u r e  f o r  i n d i v i d u a l  energy t y p e s )  
i n  t h e  fo l lowing way. Assume t h a t  (1)  is  weakly homogeneously 
sepa rab le  i n t o  
where Ei i s  t h e  i t h  energy type .  Then 
p can  be replaced  by an aggregator  index (GE)  obta ined  from: E 
where (1 0) i s  a u n i t  c o s t  f u n c t i o n  of t h e  t r a n s l o g  form. The 
parameters  of (10) can  be es t imated  up t o  an a r b i t r a r y  s c a l i n g  
f a c t o r  B 0  from t h e  sha re  equat ions  
s u b j e c t  t o  
S u b s t i t u t i n g  parameter e s t i m a t e s  from (1 1 ) i n t o  (1 0) y i e l d s  
eE which i s  used a s  an in s t rumen ta l  v a r i a b l e  i n  (7) . 4  The 
4 ~ o r  a d e r i v a t i o n  and j u s t i f i c a t i o n  of t h e  use  of t h i s  
t r a n s l o g  aggregate  p r i c e  index,  s e e  Fuss [ 7 ] .  
estimate of the system of equations (11) provides a means of 
obtaining the price responsiveness of the demand for individ- 
ual energy types. 
3.1.2 The Logit Model 
In the residential and commercial sectors, the inability 
to estimate the complete two-stage translog model led to the 
use of a simpler alternative--the logit model. The simple 
logit has the diminishing marginal rate of substitution prop- 
erty, that is, it is progressively more difficult for an 
energy type to capture all the market or be driven completely 
from the market (as compared to a linear or log-linear rela- 
tionship). The model is defined as follows. 
Let Li be the share of BTU's of fuel i relative to total 
BTU's. The logit model can be written as: 
where 
* 
pj = BTU weighted price of substitutes, and 
Q = real measure of output of the sector. 
3.2 Naive Demand Models 
3.2.1 Time Trend Extrapolation 
One method of forecasting is to fit a time-trend to the 
past and project that future growth will continue at past rates. 
For each sector, various time trends were estimated and used 
for forecasting. 
3.2.2 Energy/Output Ratios 
Another common method of projection is the use of average 
historical energy/output ratios to forecast energy consumption. 
Within each sector, equations for energy types Eh are estimated 
in the form: 
where a a r e  i n d i v i d u a l  r e g i o n a l  c o n s t a n t s  and Q i s  a measure i 
of r e a l  ou tpu t  i n  t h e  s e c t o r .  
4. Est imated Equations 
4.1 Observat ions on S t a t i s t i c a l  Es t imat ion  of Demand 
Functions 
The gene ra l  t r e n d s  i n  energy use  d i scussed  i n  Sec t ion  2 
provide  a background t o  t h e  e s t i m a t e s  of demand func t ions .  
Within any one s e c t o r ,  s u b s t a n t i a l  s h i f t s  i n  t h e  market s h a r e s  
of s p e c i f i c  f u e l s  have occurred .  We would n o t  expect  t h a t  a l l  
t h e s e  s h i f t s  were due t o  changes i n  r e l a t i v e  p r i c e s .  The 
d r a s t i c  f a l l  i n  c o a l ' s  importance i n  every market i s  n o t  so l e -  
l y  due t o  t h e  f a c t  t h a t  t h e  r e l a t i v e  p r i c e  of c o a l  t o  o t h e r  
f u e l s  was inc reas ing .  Many a s p e c t s  of c o a l - - i t s  expense i n  
handl ing ,  s t o r a g e ,  c l ean l ines s - - a re  n o t  captured  e n t i r e l y  i n  
t h e  p r i c e  per  t on .  
The growth i n  n a t u r a l  g a s  markets  i n  e a s t e r n  Canada i s  
due t o  changes i n  supply cond i t ions .  I n  e s t ima t ing  demand 
f u n c t i o n s  f o r  n a t u r a l  g a s  we assumed t h a t  n a t u r a l  gas  customers 
could  purchase a l l  t h e  gas  they  wanted a t  t h e  market p r i c e .  
Supply r e s t r i c t i o n s  i n  e a s t e r n  Canada du r ing  t h e  e a r l y  y e a r s  
of ou r  sample pe r iod  r ende r s  t h i s  assumption somewhat untenable  
I d e a l  e s t i m a t e s  would have involved demand f u n c t i o n s  per  
s e r v i c e a b l e  customer--the number of p o t e n t i a l  customers wi th in  
reasonable  proximity of a g a s  l i n e .  Data on t h i s  popula t ion  
measure was unobta inable .  For t h e  r e s i d e n t i a l  s e c t o r  a v a r i -  
a b l e  cons t ruc t ed  from mi l e s  of d i s t r i b u t i o n  p i p e l i n e  was used 
a s  a proxy f o r  supply r e s t r i c t i o n s .  5 
5 ~ h e  s u r r o g a t e  f o r  a v a i l a b i l i t y  of gas  i n  each region  was 
construc. ted us ing  d a t a  on mi l e s  of  d i s t r i b u t i o n  p i p e l i n e  of l e s s  
t han  s i x  inches  i n  d iameter ,  and u rban iza t ion  wi th in  t h e  region .  
The p e r i o d  inves t iga ted- -1958  t o  1971--was one o f  r e l a -  
t i v e l y  unchanging nominal p r i c e s  and s l o w l y  f a l l i n g  r e a l  p r i c e s  
o f  energy .  Without  e x c e p t i o n  f o r  e v e r y  one of t h e  f u e l s ,  t h e  
1971 r e a l  p r i c e ,  i n  e v e r y  s e c t o r ,  i n  e v e r y  r e g i o n ,  was below 
t h e  1958 v a l u e .  The o v e r a l l  consumer p r i c e  index  r o s e  i n  
e v e r y  r e g i o n  between 1958 and 1971. The p e r i o d  saw l a r g e  
i n c r e a s e s  i n  r e a l  o u t p u t  i n  a l l  s e c t o r s  and i n  r e a l  d i s p o s a b l e  
income p e r  c a p i t a .  I t  is t h e r e f o r e  n o t  d i f f i c u l t  t o  r u n  a  
r e g r e s s i o n  of  energy  a s  a  dependent  v a r i a b l e  on t h e  indepen-  
d e n t  v a r i a b l e s  o f  p r i c e  and income ( o u t p u t )  and f i n d  s t r o n g l y  
s i g n i f i c a n t  e l a s t i c i t i e s  of t h e  expec ted  s i g n s .  The p o s s i b i l i t y  
of  s i m u l t a n e o u s  e q u a t i o n s  b i a s  i s  s u b s t a n t i a l .  
Only i n  t h e  i n d u s t r i a l  s e c t o r  d o  we have  independent  
e s t i m a t e s  w i t h  which t o  compare o u r  micro-demand models.  I n  
t h i s  s e c t o r ,  f o r  t h e  c h e m i c a l  i n d u s t r y  t h e  c o e f f i c i e n t s  est i -  
mated s t a t i s t i c a l l y  were compared w i t h  e n g i n e e r i n g  e s t i m a t e s  
o f  i n t e r f u e l  s u b s t i t u t i o n  f o r  t h e  a c t u a l  p r o c e s s e s  i n v o l v e d .  
While t h e s e  a n a l y s e s  of  p r o c e s s e s  were r e l a t i v e l y  rud imenta ry ,  
t h e y  d i d  i n d i c a t e  a  r a n g e  o f  f a c t o r  s u b s t i t u t a b i l i t y  c o r r e -  
sponding t o  t h e  economet r ic  r e s u l t s .  T h i s  i s  i n d i c a t i v e  o f  
t h e  f a c t  t h a t ,  a t  l e a s t  i n  t h a t  s e c t o r ,  o u r  e s t i m a t e d  func-  
t i o n s  r e a s o n a b l y  r e p r e s e n t  demand s c h e d u l e s .  
4 . 2  The Manufactur ing S e c t o r  
The model d e s c r i b e d  i n  S e c t i o n  3.1 - 1  was e s t i m a t e d  f o r  
t o t a l  Canadian manufac tur ing .  Four  r e g i o n s  were i n c l u d e d  i n  
t h e  combined t i m e  s e r i e s - - c r o s s  s e c t i o n  d a t a  set: Quebec, 
O n t a r i o ,  t h e  P r a i r i e s  and B r i t i s h  Columbia and t h e  Yukon. The 
Mar i t imes  r e g i o n  was exc luded  d u e  t o  t h e  l a c k  of  a p p r o p r i a t e  
d a t a  on n a t u r a l  g a s .  The t i m e  p e r i o d  used  was 1961-1971. 
I n p u t s  i n t o  t h e  p r o d u c t i o n  p r o c e s s  were s p e c i f i e d  t o  b e  l a b o u r ,  
c a p i t a l ,  m a t e r i a l s  and t h e  e n e r g y  types - -coa l ,  l i q u i d  
pe t ro leum g a s ,  f u e l  o i l ,  n a t u r a l  g a s ,  e l e c t r i c i t y  and motor 
g a s o l i n e .  6  
4.1.1 The I n t e r - f u e l  S u b s t i t u t i o n  Model 
The e n e r g y  submodel p r o v i d e s  e m p i r i c a l  e s t i m a t e s  of  t h e  
p a r a m e t e r s  of  a n  a g g r e g a t o r  f u n c t i o n  f o r  t h e  s i x  energy  t y p e s  
and a n  a g g r e g a t e  p r i c e  index  f o r  " t o t a l  energy"  c o n s i s t e n t  
w i t h  t h e  u n d e r l y i n g  t e c h n o l o g i c a l  c o n s t r a i n t s  on  i n t e r - f u e l  
s u b s t i t u t i o n .  
The e s t i m a t e d  e q u a t i o n s  p r e s e n t e d  i n  T a b l e  4 a r e  based  
on t h e  i m p o s i t i o n  of  t h e  r e s t r i c t i o n  t h a t  motor g a s o l i n e  i s  
n o t  s u b s t i t u t a b l e  f o r  o t h e r  e n e r g y   component^.^ The n o t a t i o n  
i s  a s  f o l l o w s  ( s e e  n e x t  p a g e ) :  
6 ~ o r  a l l  t h r e e  s e c t o r s ,  we a l lowed  f o r  t h e  d i f f e r e n c e  
among e n e r g y  t y p e s  i n  t h e  e f f i c i e n c y  o f  machines  i n  c o n v e r t i n g  
e n e r g y  i n p u t s  i n t o  o u t p u t s  o f  h e a t ,  work, etc. Energy consump- 
t i o n  was measured i n  t e r m s  of  o u t p u t  BTU's d e f i n e d  t o  b e  con- 
sumption i n  BTU's o f  energy  ( i n p u t  BTU's) m u l t i p l i e d  by t h e  
u t i l i z a t i o n  e f f i c i e n c y  f a c t o r  i n  T a b l e  3 below. P r i c e s  were 
c o n v e r t e d  t o  o u t p u t  BTU t e r m s  by d i v i d i n g  by t h e  a p p r o p r i a t e  
e f f i c i e n c y  f a c t o r .  
T a b l e  3. U t i l i z a t i o n  e f f i c i e n c y  f a c t o r s .  
R e s i d e n t i a l  Commercial I n d u s t r i a l  
Coal  -- 
LPG 7 5 
S t i l l  Gas -- 
Kerosene 5 5 
Diesel O i l  2 3 
L i g h t  F u e l  O i l  6  5 
Heavy F u e l  O i l  8 0 
Motor G a s o l i n e  - - 
N a t u r a l  Gas 7  5 
E l e c t r i c i t y  100 
Source:  D i s c u s s i o n s  w i t h  p e r s o n n e l  
Research  L a b o r a t o r i e s ,  and 
Ottawa. 
6  5 8 7 
7 8 8 5 
-- 8 5 
8 2 8 2 
23 26 
8 2 8 2 
8 0 8 7 
- - 2 0 
78 8 5 
100 100 
a t  Canadian Combustion 
Energy, Mines and Resources ,  
7 ~ h i s  h y p o t h e s i s  was t e s t e d  and was n o t  c o n t r a d i c t e d  by 
t h e  d a t a  a t  c o n v e n t i o n a l  s i g n i f i c a n c e  levels  (see F u s s  [ 7 1 ) .  
SCOAL = s h a r e  o f  c o a l  i n  t o t a l  c o s t ,  
SLPG = s h a r e  of  l i q u i d  p e t r o l e u m  g a s ,  
SFOIL = s h a r e  o f  f u e l  o i l ,  
SNG = s h a r e  of  n a t u r a l  g a s ,  
SELEC = s h a r e  of  e l e c t r i c i t y ,  
SGAS = s h a r e  of  motor  g a s o l i n e ,  
PCOAL = p r i c e  of  c o a l  ( t h o u s a n d s  o f  d o l l a r s  p e r  
6 10 BTU's),  
PLPG = p r i c e  o f  l i q u i d  p e t r o l e u m  g a s ,  
PFOIL = p r i c e  of  f u e l  o i l ,  
PNG = p r i c e  of  n a t u r a l  g a s ,  
PELEC = p r i c e  o f  e l e c t r i c i t y ,  
PGAS = p r i c e  o f  motor  g a s o l i n e ,  
QUE = dummy v a r i a b l e  f o r  Quebec, 
ONT = dummy v a r i a b l e  f o r  O n t a r i o ,  
PR = dummy v a r i a b l e  f o r  P r a i r i e s ,  
BC = dummy v a r i a b l e  f o r  B.C. and Yukon. 
T a b l e  4. Manufac tu r ing  s e c t o r  i n t e r - f u e l  s u b s t i t u t i o n  
model: e s t i m a t e d  e q u a t i o n s .  
SCOAL = .075 QUE + . I 3 3  ONT + -125  PR + .050 BC 
(.  022) ( .028)  ( .032)  ( - 0 2 1 )  
- . I 0 4  l o g  (PCOAL) + .00347 l o g  (PLPG) 
( .0017)  
+ .0201 l o g  (PFOIL) + .0873 l o g  (PNG) 
( .014)  ( .017)  
- .00183 l o g  (PELEC) - .00502 l o g  (PGAS) 
( .017)  
(14)  
Table  4 .  ( c o n t i n u e d )  
SLPG = .017  QUE + - 0 1 6  ONT + . 017  PR + .014 BC 
( .  003)  ( . 0 0 4 )  ( .  004)  ( . 0 0 3 )  
+ .00347 log (PCOAL) - - 0 0 8 2 0  log (PLPG) 
( . 0 0 1 7 )  
- .000680 log (PFOIL) + . 00446  log (PNG) 
( .  0023)  ( . 0 0 1 7 )  
+ .00134 log (PELEC) - . 000385  log (PGAS) 
( .  0027)  ( 1 5 )  
SFOIL = . I 3 2  QUE + . 099  O3T + . 018  PR + - 1 0 5  BC 
(. 025)  ( . 0 3 0 )  ( . 0 3 3 )  ( .  024)  
+ .0201 log (PCOAL) - - 0 0 0 6 8 0  log (PLPG) 
( - 0 1 4 )  ( . 0 0 2 3 )  
- .0657 log (PFOIL) + .0106 log (PNG) 
( . 0 1 5 )  
+ . 0436  log (PELEC) - .(I0782 log (PGAS) 
( - 0 1 9 5 )  ( 1 6 )  
SNG = - 0 9 5  QUE + . 270  ONT + .344  PR + - 1 2 2  BC 
(.  022)  ( . 0 2 6 )  ( . 0 3 8 )  (.  022)  
+ - 0 8 7 3  log (PCOAL) + .00446 log (PLPG) 
( . 0 1 7 )  ( . 0017 )  
+ .0106 log (PFOIL) - . 0260  log (PNG) 
( - 0 1 5 )  
- . 0648  log (PELEC) - - 0 1 1 6  log (PGAS) 
( - 0 1 7 )  (1 7') 
SELEC = . 635  QUE + . 414  ONT + . 394  PR + . 666  BC 
( . 0 3 4 )  ( . 0 4 1 )  ( . 047 )  ( . 0 3 2 )  
- .00183 log (PCOAL) + .00134 log (PLPG) 
( . 017 )  ( . 0 0 2 7 )  
+ . 0436  log (PFOIL) - . 0648  log (PNG) 
(.  01 9 5 )  ( . 0 1 7 )  
+ .0565 log (PELEC) - - 0 3 4 9  log (PGAS) 
( 1 8 )  
SGAS = . 046  QUE + . 068  ONT + . I 0 3  PR + .042 BC 
- .00502 log (PCOAL) - .000385 log (PLPG) 
- .00782 (PFOIL) - .0116 log (PNG) 
- . 0349  log (PELEC) + .0597 log (PGAS) 
(1  9 )  
Note t o  T a b l e  4: 
The numbers i n  p a r e n t h e s e s  a r e  s t a n d a r d  e r r o r s .  The 
C o e f f i c i e n t  e s t i m a t e s  w i t h o u t  s t a n d a r d  e r r o r s  a r e  n o t  o b t a i n e d  
from t h e  r e g r e s s i o n s  b u t  r a t h e r  from t h e  r e s t r i c t i o n s  imposed 
by homogeneity of d e g r e e  z e r o  i n  p r i c e s  of t h e  demand f u n c t i o n s  
by t h e  add ing  up c o n s t r a i n t ,  and by t h e  assumed z e r o  c r o s s -  
e l a s t i c i t i e s  of demand between motor g a s o l i n e  and o t h e r  energy  
components. 
For  example,  c o n s i d e r  t h e  c o a l  e q u a t i o n .  Suppose we 
i n d e x  t h e  energy  components by i , j  = 1 ,  ..., 6 i n  t h e  f o l l o w i n g  
o r d e r :  c o a l ,  LPG, f u e l  o i l ,  n a t u r a l  g a s ,  e l e c t r i c i t y  and motor 
g a s o l i n e .  Then B = -SCOAL SGAS from t h e  c r o s s  e l a s t i c i t i e s  
1 6  
r e s t r i c t i o n  and 6 = - 
1 1  C B i j  from t h e  z e r o  homogeneity restric- t i o n .  j# l  
T h e r e f o r e  Bii  and B . 6  c a n  be o b t a i n e d  w i t h o u t  b e i n g  i n -  
- - 
eluded a s  r e g r e s s i o n  c o e f f i c i e n t s .  I t  should  a l s o  b e  no ted  
t h a t  Bii and B . 6  a r e  n o t  c o n s t a n t s  b u t  v a r i a b l e s  i n  t h i s  spec-  
- 
i f i c a t i o n .  The numbers which a p p e a r  i n  t h e  t a b l e  a r e  t h e  mean 
v a l u e s  o v e r  t h e  sample.  F i n a l l y ,  t h e  add ing  up ~ o n s t r a i n t s  
i m p l i e s  C ( B i  + b i j )  = 1 ,  SO t h a t  B g  + 6,jj  = 1 - C ( B i  + 6 i j ) .  
1 
T h i s  p r o v i d e s  a  means o f  c a l c u l a t i n g  t h e  r e g i o n a l  dummy v a r i -  
a b l e s  f o r  t h e  motor g a s o l i n e  e q u a t i o n .  
4.1 .2 The T o t a l  I n p u t  Model (KLEM) 
The KLEM a g g r e g a t e  model p r o v i d e s  e m p i r i c a l  e s t i m a t e s  of 
t h e  p a r a m e t e r s  o f  t h e  u n d e r l y i n g  p r o d u c t i o n  technology  i n v o l v i n g  
a g g r e g a t e  c a p i t a l  ( K ) ,  l a b o u r  ( L ) ,  energy  (E) and m a t e r i a l s  ( M )  
(see Table  5 ) .  These e s t i m a t e s  a r e  o b t a i n e d  by e s t i m a t i n g  t h e  
sys tem ( 7 )  s u b j e c t  t o  t h e  c o n s t r a i n t s  (5 )  and ( 6 )  ; r e p l a c i n g  
pE by i t s  i n s t r u m e n t a l  v a r i a b l e  cE, o b t a i n e d  from t h e  energy  
submodel by r e p l a c i n g  t h e  p a r a m e t e r s  i n  e q u a t i o n  (10)  by t h e i r  
e s t i m a t e s .  The n o t a t i o n  is  a s  f o l l o w s :  
SE = s h a r e  of energy  i n  g r o s s  o u t p u t ,  
SL = s h a r e  of l a b o u r ,  
SM = s h a r e  o f  m a t e r i a l s ,  
SK = s h a r e  of c a p i t a l ,  
pE = ins t rumenta l  v a r i a b l e  f o r  t h e  p r i c e  of energy, 
pL = p r i c e  of labour s e r v i c e s ,  
pM = p r i c e  of m a t e r i a l s ,  
pK = p r i c e  of c a p i t a l  s e r v i c e s ,  and 
Q = gross  output  i n  cons tan t  d o l l a r s .  
Table 5. Manufacturing s e c t o r  t o t a l  input  model: 
est imated equations.  
SE = -161 QUE + .I55 ONT + .I42 PR + .I59 BC 
( .  056) ( .  058) (-052) (.  051) 
+ .0107 log GE + .00400 log pL - .0116 log pM 
( .00589) (.0067) 
- .00311 log pK - .00882 log Q 
(.  00469) (-00362) (20) 
SL = -636 QUE + .630 ONT + .548 PR + .577 BC 
(.143) (-147) (.I311 (.I301 
+ .00400 log BE + .0749 log pL - .0696 log  PM 
( .  00589) (.0141) 
- .0131 log  pK - -0289 log Q 
(.0148) (.0093) 
SM = -.095 QUE - . I 1 1  ONT + .033 PR - .022 BC 
(.I431 (.I471 (.I311 (.I301 
- .0116 log GE - .0696 log pL + .0581 log pM 
(.  0067) (,0141) 
+ .0193 log pK + .0425 log Q 
(.0124) (. 0094) (22) 
SK = -298 QUE + .326 ONT + .278 PR + .285 BC 
- .00311 log CE - .0131 log  pL + .0193 log pM 
(.  00469) (.0148) (.0124) 
- 0031 log pK - .00478 log Q (23) 
Note t o  Table 5: 
The numbers i n  pa ren theses  a r e  s t anda rd  e r r o r s .  The 
c o e f f i c i e n t  e s t i m a t e s  wi thout  s t anda rd  e r r o r s  a r e  not  ob ta ined  
from t h e  r e g r e s s i o n s  bu t  r a t h e r  from t h e  r e s t r i c t i o n s  imposed 
by ze ro  deg ree  homogeneity i n  p r i c e s  and t h e  adding up c r i t e r i o n  
(SE + SL + SM + SK = 1 ) .  
4 . 2  R e s i d e n t i a l  Demand 
A complete  model of r e s i d e n t i a l  demand f o r  energy would 
ana lyze  both  s t a t i c  and dynamic a s p e c t s  of t h e  cho ices  involved 
f o r  each major energy-using s e r v i c e .  I n  t h e  c a s e  of maintain-  
i n g  dwe l l i ng  h e a t ,  f o r  example, t h e  model would inc lude  both 
t h e  cho ice  among types  of energy and t h a t  between h e a t  produced 
by t h e  hea t ing  system and deg ree  of i n s u l a t i o n  of t h e  dwe l l i ng .  
There would a l s o  be both  t h e  cho ice  of dwe l l i ng  tempera ture  
d u r i n g  t h e  hea t ing  season,  and t h e  amount of warm housing space.  
Furthermore,  t h e  dynamic response  by householders  t o  changes 
i n  p r i c e s ,  incomes and t a s t e s  ( through h a b i t  format ion)  would 
have t o  be modelled. Information on energy consumption f o r  
d i f f e r e n t  purposes i s  n o t  a v a i l a b l e ,  s o  t h a t  t h e  model is  
app l i ed  t o  d a t a  aggrega ted  over  a l l  u se s  w i t h i n  t h e  household 
a s  w e l l  a s  over  a l l  households w i t h i n  a  r eg ion .  
I n s t e a d  of d e r i v i n g  a  model r i g o r o u s l y  from consumer demand 
theo ry  and agg rega t ing  over  u se s  and households,  we have used 
both  t h e  l o g i t  s p e c i f i c a t i o n  ( o u t l i n e d  i n  Sec t ion  3 )  and i n v e r s e  
exponen t i a l  demand f u n c t i o n s  which c a p t u r e  t h e  agg rega t e  response  
of households a s  producers  and consumers of s e r v i c e s  t o  changes 
i n  p r i c e s  and income. S ince  changes over  t h e  e s t i m a t i n g  per iod  
have been r e l a t i v e l y  smal l  and smooth, u s e  of a  s t a t i c  model, 
which assumes ad jus tment  t a k e s  p l a c e  w i t h i n  one per iod  (one y e a r )  
can be j u s t i f i e d .  For l a r g e r  more a b r u p t  changes,  a  dynamic 
model would be more a p p r o p r i a t e .  
Two g e n e r a l  c a s e s  were explored:  one which presumes sub- 
s t i t u t i o n  t a k e s  p l a c e  among t h r e e  energy types :  e l e c t r i c i t y ,  
n a t u r a l  g a s  and o i l ;  and a second which assumes no s u b s t i t u t i o n  
between e l e c t r i c i t y  and t h e  f o s s i l  f u e l s .  S ince  one model would 
be a p p r o p r i a t e  f o r  some household u ses  of energy and t h e  o t h e r  
f o r  o t h e r  u se s ,  each is  n ~ i s s p e c i f i e d  f o r  t h e  agg rega t e  of house- 
hold u ses .  A s  t h e  second y i e lded  more p l a u s i b l e  r e s u l t s  it i s  
presen ted  here .  
The model i nvo lves  two s t a g e s :  
1 )  T o t a l  energy consumption by households i s  d iv ided  i n t o  
e l e c t r i c i t y  and f o s s i l  f u e l s ,  each of which i s  hypoth- 
e s i z e d  t o  depend on p r i c e s ,  income p e r  household,  
weather c o n d i t i o n s  and t h e  p ropor t i on  t h a t  s i n g l e  
fami ly  dwe l l i ngs  a r e  of t o t a l  dwe l l i ngs  ( a  proxy f o r  
s i z e  of dwel l ing  and c l a s s i f i c a t i o n  of energy s a l e s ) .  
2 )  The sha re  of f o s s i l  f u e l  consumption accounted f o r  by 
each of o i l  and n a t u r a l  gas  i s  determined a s  a  f u n c t i o n  
of  r e l a t i v e  p r i c e s  of o i l  and gas ,  t h e  p ropor t i on  t h a t  
s i n g l e  f ami ly  dwe l l i ngs  a r e  of t o t a l  dwe l l i ngs ,  and t h e  
proxy v a r i a b l e  f o r  a v a i l a b i l i t y  of n a t u r a l  gas .  
Es t imates  
For e s t i m a t e s  we have pooled t h e  f i v e  r e g i o n a l  t ime s e r i e s  
f o r  1958-1 971. For t h e  sha re  of equa t ions  of o i l  and g a s ,  t h e  
A t l a n t i c  r eg ion  i s  omit ted  and o i l  i s  assumed t o  c a p t u r e  t h e  
t o t a l  market.  The r e g r e s s i o n  r e s u l t s  a r e  presented  i n  Table  6 
f o r  e l e c t r i c i t y  consumption p e r  household (EH), t h e  agg rega t e  
8 ~ n  e s t i m a t e s ,  c o a l  has been excluded from a l l  r e g i o n s  and 
n a t u r a l  g a s  excluded from t h e  A t l a n t i c  r eg ion .  Coal consumption 
by households has  dec l ined  s t e a d i l y  i n  a b s o l u t e  te rms  du r ing  t h e  
pe r iod ,  t o  a  n e g l i g i b l e  p ropor t i on  of t o t a l  energy consumed by 
households.  That t r e n d  appears  t o  be t h e  r e s u l t  more of  a  
dynamic response  t o  c o n d i t i o n s  ( p r i c e s  and income) e x i s t i n g  a t  
t h e  beginning of t h e  per iod  than  t o  changing c o n d i t i o n s  d u r i n g  
t h e  pe r iod .  Gas was excluded from t h e  A t l a n t i c  r eg ion  f o r  t h r e e  
reasons :  t h e  n a t u r e  of t h e  market appeared d i f f e r e n t  t han  i n  
o t h e r  r eg ions  (much l e s s  u se  f o r  space  h e a t i n g ) ;  i n  t h e  A t l a n t i c ,  
ga s  i s  a sma l l  p ropor t i on  of t o t a l  energy consumption by house- 
holds ;  and g a s  i s  n o t  a v a i l a b l e  i n  most of t h e  r eg ion  o u t s i d e  
New Brunswick. I n  t h e  few c a s e s  where c o a l  and A t l a n t i c  g a s  
were inc luded  i n  r e g r e s s i o n s  t h e  empi r i ca l  r e s u l t s  were i n f e r i o r .  
Table  6. R e s i d e n t i a l  e q u a t i o n s :  r e s i d e n t i a l  
s e c t o r  l o g i t  model. 
EH = 11.7 - .14 PE- 1.25 I Y H -  1.16 I Y H Q -  .56 SM+ .51 D D R N +  1.30 DO+ .08 D O +  .06 DP+ .07 DB 
(24.1)  (-.97) (-13.4) (-6.77) (-1.49) (2 .50)  (4.97) (1 .28)  (1 .14)  (2 .52)  
GPH = 9 .73-  -.73 PGO -.79 I Y H +  2.21 SM+ .85 DDRN+ 1.07 DQ+ .17 D O -  -.28 DP- -.43 DB 
(25.3)  (3.48) (-9.43) (6 .81)  (4 .57)  (5 .64)  (2 .67)  (-4.18) (-16.3) 
(25)  
EH ( e l e c t r i c i t y  p e r  household)  and GPH ( g a s  p l u s  petroleum p e r  household)  a r e  i n  l o g a r i t h m  form. 
LS i s  t h e  l o g i t  o f  t h e  s h a r e  o f  gas .  
The f o l l o w i n g  independent  v a r i a b l e s  a r e  i n  l i n e a r  form ( d e f l a t e d  by t h e i r  v a l u e s  f o r  O n t a r i o  i r i  1971) .  
PE - p r i c e  o f  e l e c t r i c i t y  
I Y H  - i n v e r s e  of p e r s o n a l  d i s p o s a b l e  income p e r  household 
I Y H Q  - I Y H  dummy f o r  Quebec 
SM - s i n g l e  f a m i l y  d w e l l i n g s  a s  a  p r o p o r t i o n  of t o t a l  d w e l l i n g s  
DDRN - h e a t i n g  d e g r e e  d a y s  r e l a t i v e  t o  normal 
- i n t e r c e p t  dummies f o r  Quebec, O n t a r i o ,  t h e  p r a i r i e s  and Be;., r e s p e c t i v e l y  
DB 
PGO - a g g r e g a t e  p r i c e  o f  g a s  and o i l  d e f l a t e d  by t h e  Consumer P r i c e  Index u s i n g  e s t i m a t e d  s h a r e s  
a s  w e i g h t s  f o r  a g g r e g a t i o n  
RPGO - r a t i o  o f  t h e  p r i c e  of g a s  t o  t h e  p r i c e  o f  o i l  
PL - a  v a r i a b l e  r e p r e s e n t i n g  a v a i l a b i l i t y  o f  n a t u r a l  g a s  c a l c u l a t e d  u s i n g  m i l e s  of d i s t r i b u t i o n  
p i p e l i n e  and u r b a n i z a t i o n .  
of n a t u r a l  ga s  and petroleum products  consumption pe r  house- 
hold (GPH) and t h e  l o g i t  of t h e  s h a r e  of g a s  (LS) . 
Because r e s i d e n t i a l  u s e r s  of e l e c t r i c i t y  and n a t u r a l  
ga s  f a c e  downward s lop ing  p r i c e  schedules ,  t h e  average and 
o f t e n  t h e  marginal  p r i c e  paid by a  consumer d e c l i n e s  a s  t h e  
q u a n t i t y  purchased i n c r e a s e s .  There would t h u s  be a  simul- 
t a n e i t y  problem i f  we used average p r i c e  paid t o  e s t i m a t e  
demand. For t h i s  reason  we used marginal  p r i c e s  t aken  from 
t h e  p r i c e  schedules .  
4 . 3  1
T h i s  s e c t o r  i s  an aggrega t ion  of heterogeneous u s e r s ,  
w i th  no a v a i l a b l e  measure of c a p i t a l  and m a t e r i a l  i n p u t s  and 
no ou tpu t  measure d i f f e r e n t  from t h e  amount of labour  i n p u t s .  
Empir ica l  work i s  cons ide rab ly  r e s t r i c t e d .  To ta l  demand f o r  
energy i n  t h e  f i v e  r eg ions  was obta ined  by e s t i m a t i n g  a  l i n e a r  
demand f u n c t i o n  of t h e  form 
where 
Xt  = t o t a l  demand f o r  energy,  
PB = average weighted p r i c e  of energy,  
RT = r e a l  r e t a i l  t r a d e .  
D 1 , D  , D  , D  a r e  dummy v a r i a b l e s  f o r  Quebec, Ontar io ,  t h e  2 3  4  
P r a i r i e s  and B r i t i s h  Columbia r e s p e c t i v e l y .  The r e s u l t s  of 
t h e  e s t ima t ion  a r e  r epo r t ed  i n  Table 7 .  To e s t i m a t e  t h e  s h a r e s  
of t h e  i n d i v i d u a l  energy components t h e  l o g i t  model was used.  
The l o g i t  model u n l i k e  t h e  t r a n s l o g  model does  no t  i n c o r p o r a t e  
any c o n s t r a i n t s  which f o r c e  t h e  e q u a l i t y  of r e l e v a n t  c r o s s  sub- 
s t i t u t i o n  terms o r  ensu re  t h a t  t h e  s h a r e s  of expend i tu re s  on 
t h e  fou r  f u e l s  add up t o  u n i t y .  The equa t ions  a r e  p re sen ted  
i n  Table  8 .  One a d d i t i o n a l  v a r i a b l e ,  t h e  s i n g l e / m u l t i p l e  dwel- 
l i n g  s p l i t  proved s i g n i f i c a n t  i n  t h e  o i l  equat ion .  
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4 . 4  Naive Models 
Es t imat ing  equa t ions  a r e  not  presented  f o r  t h e  naive models. 
A s  expected,  t h e s e  s imple models f i t  t h e  d a t a  of t h e  1960's  w e l l ,  
w i t h  h igh ly  s i g n i f i c a n t  R~ and t s t a t i s t i c s .  
5. Estimated E l a s t i c i t i e s  
5.1 Manufacturing 
I n  Table 9  we compare t h e  own p r i c e  e l a s t i c i t i e s  of demand 
and t h e  Allen-Uzawa e l a s t i c i t i e s  of  s u b s t i t u t i o n  f o r  energy,  
l abour ,  c a p i t a l  and m a t e r i a l s .  Three sources  a r e  used: 
1 )  Berndt and Wood [ 2 ] ,  a  s tudy of aggregate  USA us ing  a  l i n e a r  
homogeneous t r a n s l o g  product ion  func t ion ;  2) Denny and P i n t o  
[ 4 ] ,  a  s tudy of aggregate  Canada f o r  1949 t o  1970 us ing  a  gener-  
a l i z e d  (non-homothetic) Leontief  product ion  func t ion ;  and 
3)  t h e  r e s u l t s  presented  i n  t h i s  s tudy  us ing  a  modified t r a n s l o g  
on a  c r o s s  s e c t i o n ,  t ime s e r i e s  b a s i s  f o r  1958 t o  1971. The 
average  energy p r i c e  e l a s t i c i t y  a c r o s s  Canada f o r  t h e  modif ied 
t r a n s l o g  approach is  -.5, c l o s e  t o  t h e  va lue  obta ined  both  from 
t h e  aggregate  Canadian and aggrega te  USA s t u d i e s  1 )  and 2 ) .  
The e l a s t i c i t i e s  of s u b s t i t u t i o n  a s  i n d i c a t e d  i n  Table 9  
p r e s e n t  f a r  g r e a t e r  d i f f e r e n c e s  than  t h e  p r i c e  e l a s t i c i t i e s .  
Where both  t h e  US s tudy 1 )  and t h e  gene ra l i zed  Leontief  2)  f i n d  
complimentari ty between energy and c a p i t a l ,  t h e  t r a n s l o g  3) 
f i n d s  s u b s t i t u t a b i l i t y .  While t h e  magnitudes of t h e  o t h e r  
e l a s t i c i t i e s  of s u b s t i t u t i o n  d i f f e r ,  t h e i r  s i g n s  c o n s i s t e n t l y  
i n d i c a t e  s u b s t i t u t i o n  except  f o r  t h e  m a t e r i a l s  and c a p i t a l  com- 
p l emen ta r i t y  i n  2 ) .  
I n  Table 10, we compare t h e  p r i c e  e l a s t i c i t i e s  f o r  s p e c i f i c  
f u e l s .  Nei ther  t h e  ESC nor t h e  D R I  s t u d i e s  i n c o r p o r a t e  cons i s -  
t e n t  systems of equat ions .  Both t h e  e l e c t r i c i t y  and n a t u r a l  
g a s  e l a s t i c i t i e s  a r e  lower i n  our s tudy than  i n  t h e  o t h e r  two 
s t u d i e s ;  a  reasonable  r e s u l t  s i n c e  both  t h e s e  f u e l s  t end  t o  
have more s p e c i f i c  u ses  t han  b o i l e r  f u e l  o i l .  I n  t h i s  s tudy ,  
a l l  c r o s s  p r i c e  e l a s t i c i t i e s  a r e  pos i t i ve - - ind ica t ing  t h e  sub- 
s t i t u t a b i l i t y  o f  one f u e l  f o r  another .  

Tab le  10.  Comparison o f  p r i c e  e l a s t i c i t i e s :  i n d u s t r i a l  s e c t o r .  
( I n t e r - f u e l  S u b s t i t u t i o n )  
Own P r i c e  C r o s s  P r i c e  E l a s t i c i t i e s  
E l a s t w  E l e c t r i c i t y  - O i l  N a t u r a l G a s  Coal Source  
E l e c t r i c i t y  
-1 .02  ---- . 1 2  - 1 5  . 1 8  E r i c k s o n  e t  a l .  [ 6 ]  
- . 7 9  ---- nc  nc  nc DRI [ 3 ]  
- . 6 0  ---- . 5 8  .04 .27  T h i s  s t u d y  
( O n t a r i o  1971 ) 
O i l  
- . 6 5  . 8 7  --- . 9 0  - . 7 1  E r i c k s o n  e t  a l .  [ 6 ]  
- 1 . 3 2  . 2 0  --- .14 . 4 0  T h i s  s t u d y  
( O n t a r i o  197 1  ) 
N a t u r a l  Gas 
- 2 . 5 3  . 0 7  .02  --- .O1 E r i c k s o n  e t  a l .  [ 6 ]  
-. 94 .02  . 2 3  --- 1 .45  T h i s  s t u d y  
( O n t a r i o  1971 ) 
Coal  
-2 .51  .04 .18 .40  ---- T h i s  s t u d y  
( O n t a r i o  197 1  ) 
nc - n o t  c o n s i d e r e d  
5.2 R e s i d e n t i a l  S e c t o r  
Other  s t u d i e s  have found own p r i c e  e l a s t i c i t i e s  f o r  r e s i -  
d e n t i a l  e l e c t r i c i t y  demand t o  v a r y  between -.44 and -1.33 
( T a b l e  1 1 ) .  T h i s  s t u d y ,  which h a s  examined t h e  s u b s t i t u t a b i l i t y  
between e l e c t r i c i t y  and f o s s i l  f u e l s ,  h a s  found a ( O n t a r i o  1971) 
p r i c e  e l a s t i c i t y  of  -. 14 f o r  e l e c t r i c i t y .  Given t h e  u s e  o f  
e l e c t r i c i t y  f o r  l i g h t i n g ,  cooking ,  etc. ,  u s e s  n o t  r a p i d l y  re- 
duced a s  p r i c e  i n c r e a s e s ,  t h e  r e s u l t s  p r e s e n t e d  i n  t h i s  paper  
a p p e a r  p l a u s i b l e .  
For  f o s s i l  f u e l s ,  a s  i n e l a s t i c  p r i c e  r e s p o n s e  on t h e  p a r t  
o f  r e s i d e n t i a l  u s e r s  is  found ( T a b l e  1 2 ) .  The e s t i m a t e  - .73 
l i e s  w i t h i n  t h e  r a n g e  found i n  o t h e r  s t u d i e s  - . I 3  t o  -2.75. 
T h i s  e s t i m a t e  d o e s  n o t  i n c l u d e  any  e f f e c t  of  s u b s t i t u t i o n  
between n a t u r a l  g a s  and pe t ro leum p r o d u c t s .  For  s u c h  s u b s t i -  
t u t i o n  o u r  e s t i m a t e  i s  -.96 f o r  t h e  e l a s t i c i t y  o f  t h e  s h a r e  
of  n a t u r a l  g a s ,  of  g a s  and pe t ro leum p r o d u c t s  combined, w i t h  
r e s p e c t  t o  t h e  p r i c e  o f  g a s  r e l a t i v e  t o  t h e  p r i c e  of  o i l .  
5 .3  Commercial S e c t o r  
For  t h e  commercial s e c t o r ,  o n l y  o n e  p r e v i o u s  s t u d y  h a s  
been made--and t h a t  was l i m i t e d  t o  e l e c t r i c i t y  u s e  (Tab le  1 3 ) .  
T h i s  p r e v i o u s  e s t i m a t e  o f  an  e l e c t r i c i t y  own p r i c e  e l a s t i c i t y  
of  -.94 i n d i c a t e s  e a s y  r e s p o n s e  by commercial u s e r s  t o  changes  
i n  e l e c t r i c i t y  p r i c e s - - a  r e s p o n s e  which i s  u n l i k e l y .  Commercial 
u s e r s  c a n n o t  e a s i l y  respond  t o  changes  i n  t h e  p r i c e  o f  elec- 
t r i c i t y  e x c e p t  by removing l i g h t s ,  l o w e r i n g  t h e r m o s t a t s  i n  
w i n t e r  and r a i s i n g  t e m p e r a t u r e s  i n  summer. T h i s  s t u d y  shows 
a n  a v e r a g e  p r i c e  e l a s t i c i t y  i n  Canada f o r  t h e  1960 t o  1971 
p e r i o d  o f  -. 31, one  t h i r d  t h a t  found i n  t h e  p r e v i o u s  s t u d y .  
6.  P r o j e c t i o n  R e s u l t s  
6.1 I n t r o d u c t i o n  and Data 
I n  o r d e r  t o  p r o j e c t  consumption of  energy  v a r i a b l e s  t o  
1985 w i t h  two of  t h e  t h r e e  models ,  p r o j e c t i o n s  of t h e  indepen-  
d e n t  v a r i a b l e s  a r e  r e q u i r e d  ( t h e  t i m e  t r e n d  model u s e s  no  ex-  
p l a n a t o r y  v a r i a b l e s ) .  Ra tes  o f  change i n  p e r s o n a l  d i s p o s a b l e  
T a b l e  1 1 . Comparison o f  p r i c e  e l a s t i c i t i e s :  
r e s i d e n t i a l  e l e c t r i c i t y .  
Own P r i c e  C r o s s  P r i c e  E l a s t i c i t i e s  Source  
E l a s t i c i t y  
N a t u r a l  Gas O i l  Coa 1 
-1.12 .30 nc  .12 Anderson [ 11 
-1.33 .23 nc  nc Halvorsen  [9]  
-1.33 .31 nc nc  Wilson 1171 
-1.21 .21 nc  nc  Mount [ I31  
-. 44 nc  nc  nc  Houthakker e t  a l .  [ I  01 
- .44 n c  nc  nc Data  Resources  [ 3 ]  
- . I 4  * * * T h i s  s t u d y  
nc  - n o t  c o n s i d e r e d .  
* - tests r u n  on t h e  s u b s t i t u t a b i l i t y  o f  f o s s i l  f u e l s  f o r  e l e c t r i c i t y  and z e r o  sub-  
s t i t u t a b i l i t y  found.  
Table  12. Comparison of p r i c e  e l a s t i c i t i e s :  
r e s i d e n t i a l  o i l  and n a t u r a l  gas .  
Own P r i c e  
E l a s t i c i t y  
Cross P r i c e  E l a s t i c i t i e s  
E l e c t r i c i t y  O i l  Natural  Gas Coal Source 
Natural  Gas 
-2.75 
-1.3 
O i l  
-1.58 
-. 13 
-.41 Anderson [I ] 
n  c  Watkins [I61 
Ontar io  
nc Data Resources [3] 
.08 Anderson [I I 
nc Data Resources [31 
F o s s i l  Fue l s  
-.73 ---- ---- nc This  s tudy  
Share  o f  Na tura l  Gas 
-.96 
- n o t  s u b s t i t u t a b l e  w i t h  e l e c t r i c i t y .  
* *  - has same va lue  a s  dependent v a r i a b l e  bu t  of o p p o s i t e  s i g n .  
nc - n o t  considered.  
Table 13. Comparison of p r i c e  e l a s t i c i t i e s ;  
commercial' s e c t o r .  
Own P r i c e  
E l a s t i c i t y  Cross P r i c e  E l a s t i c i t i e s  
E l e c t r i c i t y  O i l  Natu ra l  Gas Coal Source 
E l e c t r i c i t y  
-.94 ---- 
-.31 ---- 
O i l  
-1.10 * 
Natu ra l  Gas 
-. 72 * 
Coal 
-2.73 * 
nc -. 41 nc Halvorsen [9]  
I * * This  s tudy  
I ---- * This  s tudy  
* ---- * This  s tudy  
* ---- ---- Thi s  s tudy  
* - The c r o s s  p r i c e  e l a s t i c i t y  f o r  a weighted average  p r i c e  index of s u b s t i t u t e s  
(weights  a r e  o u t p u t  BTU s h a r e s )  has  t h e  same e l a s t i c i t y  a s  t h e  dependent f u e l  b u t  
w i th  o p p o s i t e  s ign .  
nc - n o t  cons idered .  
income and r e a l  manufactuririq o u t p u t  ( t aken  t o  be t h e  r a t e  
of change f o r  t h e  bus ines s  n o n - a g r i c u l t u r a l  s e c t o r ) ,  were 
f o r e c a s t  by us ing  t h e  t ime p a t h  p r e d i c t i o n s  t o  1985 f o r  Canada 
t h a t  were genera ted  by t h e  Un ive r s i t y  of Toron to ' s  Annual 
Econometric Model of t h e  Canadian Economy (TRACE). Real r e -  
t a i l  t r a d e  was p r o j e c t e d  by e x t r a p o l a t i n g  exponen t i a l  t ime 
t r e n d s  f o r  each  r eg ion .  
F o r e c a s t s  of f u e l  p r i c e s  were gene ra t ed  by t h e  a u t h o r s .  
Real Canadian c rude  o i l  p r i c e s  a r e  expected t o  move t o  world 
l e v e l s  by 1977 and then  p a r a l l e l  world movements. The r e a l  
world o i l  p r i c e  is  expected t o  f a l l  s lowly t o  1980. O i l  product  
p r i c e s  were assumed t o  i n c r e a s e  a t  s l i g h t l y  g r e a t e r  r a t e s  t h a n  
c rude  p r i c e s  r e f l e c t i n g  g r e a t e r  i n c r e a s e s  i n  t r a n s p o r t  c o s t s ,  
r e f i n e r y  margins and d i s t r i b u t i o n  c o s t s .  Na tu ra l  ga s  p r i c e s  
were f o r e c a s t  a s  r each ing  commodity v a l u e  w i t h  o i l  by 1978 and 
then  moving t o  a s l i g h t  premium. The r e a l  p r i c e  of c o a l  i s  
expected t o  i n c r e a s e  throughout  t h e  pe r iod ,  based on a n  a n a l y s i s  
of mining and t r a n s p o r t i n g  c o a l  t o  markets .  E l e c t r i c i t y  p r i c e s  
were gene ra t ed  by e s t i m a t i n g  t h e  incrementa l  c o s t s  of new f a c i l -  
i t ies  i n  each r eg ion ,  f o r  s t a t e d  a d d i t i o n s  of thermal ,  hydro 
and nuc l ea r  c a p a c i t y .  
The s e r v i c e  p r i c e s  of o t h e r  i n p u t s  i n t o  manufacturing were 
a l s o  ob ta ined  from p r o j e c t i o n s  of t h e  TRACE model.' Households 
were p r o j e c t e d  by assuming a c o n s t a n t  1971 household s i z e  and 
u s i n g  t h e  TRACE p r o j e c t i o n s  of popula t ion .  Degree days  were 
assumed t o  be normal throughout  t h e  p r o j e c t i o n  pe r iod .  The 
d i v i s i o n  of dwe l l i ngs  between s i n g l e  and m u l t i p l e  r e s i d e n c e s  
'TRACE does  no t  f o r e c a s t  t h e  u s e r  c o s t  of c a p i t a l  d i r e c t l y .  
However, it does  f o r e c a s t  c a p i t a l  a s s e t  p r i c e s  and i n t e r e s t  
r a t e s .  Assuming no change i n  d e p r e c i a t i o n  r a t e s  and f i s c a l  i n -  
vestment  i n c e n t i v e s  d u r i n g  t h e  f o r e c a s t  pe r iod ,  we can  o b t a i n  
t h e  t i m e  p a t h  of t h e  u s e r  c o s t  by u t i l i z i n g  t h e  a v a i l a b l e  
s e r i e s .  The p r i c e  of t h e  m a t e r i a l s  i n p u t  i s  a l s o  no t  a v a i l a b l e  
d i r e c t l y .  W e  have used t h e  ave rage  r a t e  of change of import 
and e x p o r t  m a t e r i a l  p r i c e s  a s  our  approximation t o  t h e  t i m e  
p a t h  of t h e  m a t e r i a l s  p r i c e  index. 
was p r o j e c t e d  t o  change a t  p a s t  r a t e s .  The s u r r o g a t e  measure 
of p o t e n t i a l  r e s i d e n t i a l  n a t u r a l  g a s  customers was p r o j e c t e d  
v i a  a  l i n e a r  t ime t r end .  The r e s u l t s  p r e sen ted  below a r e  f o r  
Ontar io  only .  The p r o j e c t i o n s  f o r  o t h e r  r e g i o n s  were s i m i l a r  
q u a l i t a t i v e l y  t o  t h o s e  r epo r t ed  i n  t h i s  paper .  
6.2 Manufacturinq 
6.2.1 Exogenous Var i ab l e s  F o r e c a s t s  
The exogenous v a r i a b l e s  p r o j e c t i o n s  a r e  p re sen ted  i n  
Table 14 f o r  t h e  s e l e c t e d  y e a r s  1975, 1980, 1985. The most 
s t r i k i n g  f e a t u r e  i s  t h e  l a r g e  p r o j e c t e d  i n c r e a s e s  i n  c o a l  and 
e l e c t r i c i t y  p r i c e s  r e l a t i v e  t o  o t h e r  p r i c e s .  ' I t  a l s o  appears  
from Table 14 t h a t  energy p r i c e s  i n  g e n e r a l  a r e  f o r e c a s t  t o  
r i s e  more r a p i d l y  t han  t h e  p r i c e s  of t h e  o t h e r  agg rega t e  i n p u t s .  
(This  f a c t  i s  confirmed by t h e  endogenous agg rega t e  energy 
p r i c e  index p re sen ted  i n  Table 15.) Real ou tpu t  i n c r e a s e s  con- 
s i d e r a b l y  more s lowly than  p r i c e s  i n d i c a t i n g  t h a t  any s u b s t i -  
t u t i o n  e f f e c t s  p r e s e n t  w i l l  be impor tan t  i n  de te rmining  t h e  
t ime p a t h s  of  t h e  v a r i a b l e s .  
6.2.2 P r o j e c t i o n  Procedures and Resu l t s  
The endogenous v a r i a b l e s  a r e  t h e  q u a n t i t i e s  of  t h e  energy 
components; t h e  agg rega t e  q u a n t i t i e s  of energy,  l abour ,  mate- 
r i a l s  and c a p i t a l ;  t h e  p r i c e  of agg rega t e  energy and t h e  supply 
p r i c e  of  manufacturing ou tpu t .  P r o j e c t i o n s  of t h e s e  v a r i a b l e s  
from t h e  microdemand model were ob ta ined  by s u b s t i t u t i n g  t h e  
a p p r o p r i a t e  exogenous v a r i a b l e s  i n t o  equa t ions  (14 ) - (19 )  and 
(20) -  ( 2 3 ) .  I n  o r d e r  t o  f a c i l i t a t e  p r o j e c t i o n  comparisons 
l o s i n c e  t h e  p r i c e  of  c o a l  i n  On ta r io  has  r i s e n  approximate- 
l y  5076 i n  t h e  p a s t  yea r ,  and On ta r io  Hydro i s  c u r r e n t l y  c l a iming  
t h e  need f o r  a  30% i n c r e a s e  i n  t h e  p r i c e  of  e l e c t r i c i t y  t h e s e  
p r o j e c t i o n s  do  no t  appear  t o  be unreasonable.  
  he equa t ions  (1 4 )  - (1  9) t a k e  t h e  form 
'Ei = Bi + ' 
B i j  1n pE - S SGAS I n  PGAS, i # GAS . j  #GAS j i 
Therefore ,  t hey  a r e  non- l inear  i n  t h e  unknown s h a r e s .  So lu t ion  
was accomplished by i t e r a t i o n  t o  convergence. The supply p r i c e  
of  o u t p u t  was ob ta ined  from an  e s t ima ted  i n v e r s e  supply f u n c t i o n  
n o t  p re sen ted  i n  t h i s  paper .  For d e t a i l s  of t h e  e s t i m a t i o n  s e e  
Fuss [7]. 
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T a b l e  1 5 .  Endogenous  v a r i a b l e s t  i n d u s t r i a l  ( O n t a r i o ) .  
a ) ~ a i v e  t i m e  t r e n d  model .  
b )Na ive  i n p u t - o u t p u t  model .  
"Micro-demand model .  
d ) N o t  c a l c u l a t e d .  
e )Nega t iVe  v a l u e .  
V a r i a b l e  
C o a l  
LPG 
F u e l  O i l  
N a t u r a l  Gas 
E l e c t r i c i t y  
G a s o l i n e  
A g g r e g a t e  
Ene rgy  
Labour  
M a t e r i a l s  
C a p i t a l  
P r i c e  o f  
A g g r e g a t e  
Ene rgy  
S u p p l y  P r i c e  
o f  M a n u f a c t u r i n g  
o u t p u t  
A c t u a l  
1971 
V a l u e  
41 .5  
1 .9  
113.1 
207.6  
87 .2  
9 .9  
461.2  
1 .7  
10 .9  
4 .0  
1 .26  
1 .26  
U n i t s  
l o 6  BTU's 
l o 6  BTU's 
l o 6  BTU's 
l o 6  BTU's 
l o 6  BTU's 
l o 6  BTU's 
I O ~ B T U ' S  
9  10  man h o u r s  
1961 l o 9  C o n s t a n t  D o l l a r s  
1961 1 0 ~ C o n s t a n t  D o l l a r s  
I n d e x  ( 1 9 6 2 = 1 . 0 )  
I n d e x  ( 1 9 6 2 = 1 . 0 )  
P r o j e c t e d  V a l u e s  R e l a t i v e  t o  1971 (1971 = 1 . 0 0 )  
( 3 ) C )  
. 80  
1 .07  
1 .02  
1 .26  
.92  
1 .27  
m a )  
. 93  
1 .28  
1 .16  
1 .09  
1.11 
1 .06  
1975 
( z ) ~ )  
.80  
1 .65  
1 .44  
1 .30  
1 . 2 7  
1 .21  
m a )  
.34  
! 
1 .08  
d )  
d,  
d )  
d )  
d )  
1 . 2 2  
d ,  
d ,  
1.64 
1 .36  
1 .20  
1 .24  
1 .13  
1980 
( z ) ~ )  
.Ooe) 
(31C)  
.31 
1 . 0 3  
1 . 2 2  
1 .20  
1.11 
1 . 6 9  
1 .54  
2 .72  
2 .16  
1 .80  
1 .72  
1 .55  
1 .58  
d )  
d )  
( 3 ) C )  
.20  
( U a )  
.Ooe) 
1 .17  
d )  
d )  
1985  
( a b )  
. Ooe) 
1 .74  
1 .45  
1 .19  
. 89  
1 .38  
1 . 1 2  
1 .47  
1 .89  
1 . 4 7  
4.07 
2.37 
3 .86  
2 .93  
2 .33  
2 .20  
1 .91  
1 .97  
d ,  
d ,  
d ,  
d ,  
d ,  
1.41 
1 . 1 8  
. 98  
1 . 3 9  
1 - 5 6  
1 - 2 9  
3 .31  
1 .94  
2.00 
1 .56  
1 .26  
d )  
d )  
d,  
1 .03  
. 89  
1 . 2 7  
1.31 
1 .37  
1 .20  
t h e  i n t e r c e p t  ad jus tment  p rocedure  was u t i l i z e d  t o  i n s u r e  t h a t  
t h e  a c t u a l  v a l u e s  and p r e d i c t e d  v a l u e s  o f  t h e  endogenous v a r i -  
a b l e s  from a l l  t h r e e  models c o i n c i d e  i n  1971. 
The s i m u l a t i o n  r e s u l t s  a r e  p r e s e n t e d  i n  Tab le  15 and 
F i g u r e s  1-6. F i g u r e  1  d e m o n s t r a t e s  t h e  e f f e c t ,  a s  p r e d i c t e d  
by t h e  microdemand model, o f  t h e  i n c r e a s e  i n  t h e  p r i c e  o f  
energy  r e l a t i v e  t o  t h e  p r i c e s  o f  o t h e r  f a c t o r s .  Demand f o r  
energy  i s  approx imate ly  c o n s t a n t  from 1972-76, d r o p s  s h a r p l y  
from 1976-79 i n  r e s p o n s e  t o  l a r g e  p r i c e  i n c r e a s e s ,  and t h e n  
i n c r e a s e s  from 1980-85. The most s u b s t a n t i a l  i n c r e a s e  i s  i n  
t h e  m a t e r i a l s  i n p u t .  The n e t  r e s u l t  a t  t h i s  a g g r e g a t e  l e v e l  
is  c o n s i s t e n t  w i t h  a  s h i f t  i n  manufac tur ing  o u t p u t  away from 
energy  i n t e n s i v e  pr imary i n d u s t r i e s  t o  m a t e r i a l s  i n t e n s i v e  
secondary  i n d u s t r i e s .  
From F i g u r e s  3-6 it is  p o s s i b l e  t o  compare t h e  t h r e e  a l -  
t e r n a t i v e  p r o j e c t i o n s  f o r  t h e  i n d i v i d u a l  energy  components. 
With t h e  e x c e p t i o n  of c o a l  and n a t u r a l  g a s  t h e  microdemand 
model p r e d i c t s  a  u n i f o r m l y  lower  l e v e l  o f  demand f o r  energy  
components t h a n  t h e  t i m e  t r e n d  and i n p u t - o u t p u t  models,  r e f l e c t -  
i n g  " c o n v e r s a t i o n "  i n  t h e  f a c e  o f  r i s i n g  r e l a t i v e  p r i c e s .  The 
demand f o r  c o a l  is  p r e d i c t e d  t o  f a l l  t o  low l e v e l s  by a l l  t h r e e  
models.  The n a i v e  models p r e d i c t  z e r o  demand b e f o r e  t h e  end 
of t h e  p e r i o d . 1 2  The microdemand model p r e d i c t s  a  s u b s t a n t i a l  
r e d u c t i o n - - t o  20% of t h e  1971 amount by 1985. The f a c t  t h a t  
t h e  p r e d i c t i o n  i s  n o t  z e r o  i s  due  t o  t h e  d i m i n i s h i n g  m a r g i n a l  
r a t e  of  s u b s t i t u t i o n  p r o p e r t y  o f  n e o c l a s s i c a l  p r o d u c t i o n  func-  
t i o n s .  The microdemand model p r e d i c t s  t h e  h i g h e s t  l e v e l  o f  
n a t u r a l  g a s  u s e  u n t i l  1975, when t h e  l a r g e  r e l a t i v e  i n c r e a s e s  
i n  t h e  n a t u r a l  g a s  p r i c e  t o  commodity v a l u e  e q u i v a l e n c e  w i t h  
c r u d e  o i l  l e a d s  t o  s u b s t i t u t i o n  away from n a t u r a l  g a s  towards  
f u e l  o i l .  
1 2 ~ h i s  p r e d i c t i o n  is f o r  c o a l  used a s  a  f u e l .  Coa l  used 
f o r  t h e  cok ing  i n  steel p r o d u c t i o n  is i n c l u d e d  i n  t h e  m a t e r i a l s  
i n p u t .  
The microdemand model provides  p r e d i c t i o n s  s u b s t a n t i a l l y  
d i f f e r e n t  from t h e  two na ive  models. Of most importance,  t h e  
model p r e d i c t s  a d e c l i n e  i n  t h e  energy i n t e n s i t y  of product ion  
a f t e r  1 9 7 5 .  With r e s p e c t  t o  i n d i v i d u a l  energy t y p e s ,  moderate 
i n c r e a s e s  i n  t h e  use  of f u e l  o i l  and n a t u r a l  ga s ;  a d e c l i n e  
i n  t h e  u se  of e l e c t r i c i t y ,  and a s h a r p  d e c l i n e  i n  t h e  use  of 
c o a l  a r e  f o r e c a s t  f o r  t h e  1975-85  pe r iod .  
6 . 3  R e s i d e n t i a l  
6 . 3 . 1  Exogenous Var i ab l e s  F o r e c a s t s  
I n  nominal terms a l l  p r i c e s  r i s e  throughout  t h e  per iod .  
I n  r e a l  terms t h e  e l e c t r i c i t y  p r i c e  r i s e s  c o n t i n u a l l y  whi le  
o i l  and gas  p r i c e s  begin t o  f a l l  a f t e r  1 9 7 8 .  R e l a t i v e  t o  t h e  
p r i c e  of o i l ,  t h e  p r i c e  of gas  f i r s t  f a l l s ,  t hen  r i s e s ,  and 
f i n a l l y  s t a y s  cons t an t .  The p r i c e  of e l e c t r i c i t y  r i s e s  r e l a -  
t i v e  t o  both o i l  and gas .  
Real pe r sona l  d i s p o s a b l e  income per  household r i s e s  
smoothly. By 1 9 8 5  it has  i nc reased  l e s s  t han  t h e  r e a l  p r i c e  
of e l e c t r i c i t y  b u t  more t han  t h e  r e a l  p r i c e s  of o i l  and gas .  
The number of households i n c r e a s e  smoothly. By 1 9 8 5  t h i s  num- 
b e r  i n c r e a s e s  t o  2 0 %  above t h e  1 9 7 1  l e v e l .  
S i n g l e  f ami ly  dwe l l i ngs  a s  a p ropor t i on  of t o t a l  dwe l l i ngs  
d e c l i n e s  by about  . 0 0 5  pe r  yea r .  The p ropor t i on  of t h e  market 
s e r v i c e d  by g a s  i n c r e a s e s  smoothly from . 4 5  t o  - 7 5 .  Degree 
days  r e l a t i v e  t o  normal i s  s e t  equa l  t o  one throughout  t h e  
f o r e c a s t  pe r iod  ( s e e  Tables  1 6  and 1 7  and F igu re s  7  t o  1 0 )  . 
6 . 3 . 2  P r o j e c t i o n  Procedure and Resu l t s  
The s h a r e s  of o i l  and gas  were p ro j ec t ed  by s u b s t i t u t i n g  
f o r e c a s t  v a l u e s  f o r  t h e  exogenous v a r i a b l e s  i n  equa t ion  ( 2 6 ) .  
These p r o j e c t e d  s h a r e s  w e r e  then  used t o  c a l c u l a t e  t h e  aggre-  
g a t e  p r i c e  of  o i l  and gas .  The consumption of o i l  and g a s  
combined was f o r e c a s t  by s u b s t i t u t i n g  t h e  v a l u e s  of  agg rega t e  
p r i c e  and t h e  o t h e r  exogenous v a r i a b l e s  i n t o  equa t ion  ( 2 5 )  . 
I n d i v i d u a l  consumption of o i l  and g a s  i s  given  by t h e  r e l e v a n t  
p r o j e c t e d  s h a r e  t imes  t h e  p r o j e c t e d  energy aggrega te .  The 
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Table 17. Endogenous variables: residential (Ontario). 
a) Naive linear time trend 
b, Naive consumption/income model 
C, Micro-demand model. 
Variable 
Petroleum products 
Natural gas 
Electricity 
Total 
Actual Consumption 
6 in 1971 10 BTU's 
197.1 
105.1 
63.4 
365.6 
Projected levels relative to 1971 (1971 = 1.00) 
1975 
la) 2b) 3c) 
1.14 1.31 .65 
1.24 1.59 1.16 
1.19 1.43 1.31 
1.18 1.41 .91 
1980 
la) 2bZ 3c) 
1.33 1.80 .60 
1.56 2.52 .79 
1.46 2.12 1.64 
1.42 2.06 .84 
1985 
la) 2b) 3c) 
1.54 2.39 .72 
1.92 3.65 1.10 
1.75 2.95 2.04 
1.69 2.85 1.06 
f o r e c a s t  of e l e c t r i c i t y  consumption i s  ob ta ined  by s u b s t i t u t i n g  
t h e  f o r e c a s t  v a l u e s  of exogenous v a r i a b l e s  i n  equat ion  ( 2 4 ) .  
T o t a l  r e s i d e n t i a l  energy consumption i n  Ontar io  p r o j e c t e d  
by t h e  demand model d e c l i n e s  below t h e  1971 l e v e l  by 1975, 
d e c l i n e s  f u r t h e r  by 1980 and f i n a l l y  r i s e s  above t h e  i n i t i a l  
l e v e l  by 1985. This  p a t t e r n  i n  t o t a l  energy demand occurs  
because o i l  and g a s  dec rease  more t han  e l e c t r i c i t y  i n c r e a s e s .  
The r e l a t i v e l y  h igh  p r i c e  e l a s t i c i t y  and t h e  r e l a t i v e l y  low 
income e l a s t i c i t y  f o r  o i l  and g a s  r e s u l t  i n  p r i c e  i n c r e a s e  
dominat ing income and popu la t i on  i n c r e a s e s .  
Changing p r i c e s  a f f e c t  t h e  o i l  and g a s  p r o j e c t i o n s  i n  two 
ways: f i r s t  by t h e  e f f e c t  on consumption of o i l  and gas  com- 
bined and second, by t h e  e f f e c t  of changing r e l a t i v e  p r i c e s  
on t h e  s h a r e s  of each i n  t h e  combined consumption. The p r o j e c t e d  
r e a l  p r i c e  i n c r e a s e s  up t o  1980 cause  a r educ t ion  i n  combined 
consumption. The i n c r e a s e  i n  t h e  p r i c e  of o i l  r e l a t i v e  t o  t h e  
p r i c e  of g a s  b e f o r e  1980 causes  t h e  s h a r e  of g a s  t o  i n c r e a s e .  
P ro j ec t ed  i n c r e a s e s  i n  a v a i l a b i l i t y  of g a s  a l s o  cause  t h e  sha re  
of g a s  t o  i n c r e a s e  s l i g h t l y  a f t e r  1980 when r e l a t i v e  p r i c e s  of o i l  
and gas  a r e  c o n s t a n t .  For both  o i l  and g a s ,  t h e  demand model pro- 
j e c t i o n s  a r e  below t h e  p r o j e c t i o n s  obta ined  from t h e  two na ive  
models. 
I n  t h e  c a s e  of  e l e c t r i c i t y ,  t h e  model p r o j e c t s  a r e l a -  
t i v e l y  smooth rise i n  consumption, above t h e  l i n e a r  time t r e n d  
b u t  below t h e  income t r end .  The r e l a t i v e l y  low es t ima ted  p r i c e  
e l a s t i c i t y  of demand r e s u l t s  i n  t h e  e l e c t r i c i t y  p r i c e  i n c r e a s e s  
be ing  dominated by t h e  p r o j e c t e d  income and popu la t i on  i n c r e a s e s .  
6.4 Comrnerc i a l  
6.4.1 Exogenous Var i ab l e s  Fo recas t s  
Table  18 p r e s e n t s  t h e  changes i n  exogenous v a r i a b l e s  f o r  
t h e  commercial s e c t o r .  Between 1972 and 1980, t h e  p r i c e  of  
n a t u r a l  g a s  is  expected approximately t o  quadruple  wh i l e  t h e  
p r i c e  of f u e l  o i l  t r i p l e s ,  r e p r e s e n t i n g  t h e  s u b s t a n t i a l  r e l a -  
t i v e  p r i c e  change involved i n  o b t a i n i n g  commodity v a l u e  f o r  
n a t u r a l  ga s .  By 1985, e l e c t r i c i t y  p r i c e s  have inc reased  t h e  
most of a l l  f u e l s .  

6.4.2  P r o j e c t i o n  P r o c e d u r e  and R e s u l t s  
P r o j e c t i o n s  of  t o t a l  BTU's were o b t a i n e d  by s u b s t i t u t i n g  
f o r e c a s t e d  v a l u e s  o f  r e t a i l  t r a d e  and t h e  a v e r a g e  p r i c e  p e r  
BTU i n  e q u a t i o n  ( 2 7 ) .  The p r o j e c t e d  consumption of  e a c h  f u e l  
was o b t a i n e d  by u s i n g  t h e  l o g i t  model ( e q u a t i o n s  ( 2 8 ) - ( 3 1 ) )  t o  
f o r e c a s t  s h a r e s  f o r  t h r e e  o f  t h e  f u e l s ,  t h e n  m u l t i p l y i n g  t h e  
f o r e c a s t e d  s h a r e  t i m e s  t h e  f o r e c a s t e d  t o t a l  volume o f  BTU's 
consumed i n  t h e  s e c t o r .  
These s i m u l a t i o n  r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  19.  
F i g u r e  11 g i v e s  t h e  comparison o f  t h e  t h r e e  f o r e c a s t s  o f  t o t a l  
BTU's consumed i n  t h e  commercial s e c t o r .  Because of t h e  sub- 
s t a n t i a l  change i n  t h e  r e a l  p r i c e s ,  t h e  microdemand model 
e x h i b i t s  less growth t h a n  t h e  energy/GNP r a t i o  model and f a r  
less growth t h a n  t h e  e x p o n e n t i a l  t i m e  t r e n d .  13 
Turn ing  t o  t h e  s p e c i f i c  f u e l s ,  t h e  e x p o n e n t i a l  t i m e  t r e n d  
f o r e c a s t s  growth s u b s t a n t i a l l y  above e i t h e r  o f  t h e  o t h e r  two 
models f o r  e l e c t r i c i t y ,  o i l  p r o d u c t s  and n a t u r a l  g a s .  The 
microdemand model and energy/GNP model p r e d i c t  s i m i l a r  changes  
i n  t h e  demand f o r  e l e c t r i c i t y .  T h i s  i s  somehwat s u r p r i s i n g  
s i n c e  t h e  own p r i c e  e l a s t i c i t y  f o r  e l e c t r i c i t y  i s  - .3 and elec- 
t r i c i t y  p r i c e s  i n c r e a s e  s u b s t a n t i a l l y .  The microdemand model 
p r e d i c t s  a lower  growth i n  o i l  p r o d u c t  demand b u t  h i g h e r  growth 
i n  n a t u r a l  g a s  demand t h a n  t h e  e n e r g y / o u t p u t  model. The micro- 
demand model p r e d i c t s  a s h a r p  d r o p  i n  c o a l  demand i n  t h e  s e c t o r  
i n  1972 and t h e n  s low growth t o  1985. Both o t h e r  models f i n d  
c o a l  consumption d r o p p i n g  t o  z e r o .  S i n c e  c o a l  i s  less t h a n  1 %  
o f  BTU consumption,  t h e s e  d i f f e r e n c e s  a r e  o f  minimal i n t e r e s t  
(see F i g u r e s  12 t o  1 5 ) .  
1 3 ~ h e  r e a d e r  w i l l  n o t e  t h a t  a l i n e a r  t i m e  t r e n d  was used  
i n  t h e  r e s i d e n t i a l  and i n d u s t r i a l  s e c t o r s  w h i l e  a n  e x p o n e n t i a l  
t r e n d  is  used i n  t h i s  s e c t o r .  As e x p e c t e d ,  t h e  r e s u l t s  r e l a -  
t i v e  t o  t h e  compet ing models change s u b s t a n t i a l l y  which is  an  
i n d i c a t i o n  o f  t h e  e f f e c t  o f  s p e c i f i c a t i o n  i n  n a i v e  models .  
T a b l e  19 .  Endogenous  v a r i a b l e s :  c o m m e r c i a l  ( O n t a r i o ) .  
a ) ~ a i v e  t i m e  t r e n d  model .  
b ) ~ a i v e  i n p u t - o u t p u t  model .  
C ) ~ i c r o d e r n a n d  model .  
d ,  n e g a t i v e  v a l u e .  
A c t u a l  P r o j e c t e d  V a l u e s  t o  1971  (1971  = 1 . 0 0 )  
V a r i a b l e  1971  U n i t s  1 9 7 5  1 9 8 0  1 9 8 5  
V a l u e s  2b )  - 3 ~ )  1 a )  2b) 3 ~ )  l a )  2 b )  3 ~ 1  
C o a l  3 . 3 5 4  l o 6  BTU1s 0 .75  1 . 2 4  0 .74  0 .36  o 0 . 9 3  0 .17  o 1 .01  d ,  
F u e l  O i l  84 .127 I O ~ B T U ' S  
N a t u r a l  G a s  7 2 . 9 2 3  l o 6  BTU's 
E l e c t r i c i t y  64 .842  l o 6  BTU's 
T o t a l  B W ' s  225.3  l o 6  BTU'S 
1 . 4 6  
2 .48  
1 . 7 2  
1 . 6 7  
1 . 4 6  
0 .97  
1 . 1 2  
1 . 2 0  
1 . 0 5  
1 .27  
1 . 1 4  
1 . 1 4  
2 .20  
6 .46  
3 .16  
2 .88  
2 . 0 0  
1 . 3 0  
1 . 5 0  
1 . 6 0  
1 . 2 6  
1 . 7 7  
1 . 4 8  
1 . 4 8  
3 .32  
1 6 . 8 6  
5 .81  
4 .95  
2 .64  
1 . 7 2  
1 . 9 6  
2 .08  
1 . 1 9  
2 .81  
1 . 9 2  
1 . 9 2  
7.  Summary and Conclusions 
I n  t h i s  paper  w e  have compared p r o j e c t i o n s  of t h e  demand 
f o r  energy ob t a ined  from t h r e e  models. Two o f  t h e s e  models 
a r e  t r e n d i n g  procedures  wh i l e  t h e  t h i r d  i n c o r p o r a t e s  b a s i c  
e lements  o f  microdemand t heo r y  ( p r i m a r i l y  r e l a t i v e  p r i c e  
e f f e c t s ) .  For t o t a l  energy and most energy  components t h e  
microdemand model p r e d i c t s  a  p a t t e r n  of consumption by 1985  
which is  q u i t e  d i f f e r e n t  from t h a t  p r e d i c t e d  by t h e  n a i v e  
models.  P r i c e  e f f e c t s  a r e  shown t o  be impor t an t  i n  r educ ing  
t h e  p r o j e c t e d  growth of  demand below p a s t  r a t e s  and t h e r e f o r e  
below most f o r e c a s t s  c u r r e n t l y  a v a i l a b l e  f o r  Canada. 












Figure 1 3 .  Commercial projections (Ontario) 1972-85 .  
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